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The Superspecies 


AYR (1942) has defined a geograph- 
ical superspecies in the following 
terms: “A superspecies consists of a mono- 
phyletic group of geographically repre- 
sentative (allopatric) species which are 
morphologically too distinct to be in- 
cluded in one species.” In referring to 
fossil lineages the present author made 
the point that, if the palaeontological con- 
cept of a species was to be on the same 
scale as the neontological, the rank of dif- 
ferent lineages would vary with the cir- 
cumstances. Thus some lineages would be 
considered as species composed of a num- 
ber of successive chronological subspecies. 
In others the lineage would be composed 
of a succession of full species, which could 
then all be referred to a chronological 
superspecies (Sylvester-Bradley, 1951). 
Cain (1953) claimed that by introducing 
this concept of a chronological superspe- 
cies “Sylvester-Bradley obscures two to- 
tally different concepts under the same 
name.” 

The two concepts are illustrated in their 
simplest form in Figure 1. Figure la 
shows a geographical superspecies com- 
posed of three allopatric species A, B, and 
C. All are presumed to have evolved, dur- 
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Fic. 1. a. A geographical superspecies, com- 
posed of three allopatric species, A, B, and C, 
derived from a single common ancestor X. 
b. A chronological superspecies, composed of 
three successional species, X, Q, and B. 


P. C. SYLVESTER-BRADLEY 


ing the course of time, from a single com- 
mon ancestor, X. Figure 1b shows a 
chronological superspecies composed of 
three species X, Q, and B, which replace 
each other in time. On the face of it, it 
may seem that Cain was right; have two 
different concepts indeed been confused 
under the name superspecies? It is the 
purpose of this paper to examine this 
point more closely. It will be shown that 
when the superspecies is examined in all 
its dimensions the two concepts are found 
to be different aspects of a single phenom- 
enon, the only logical name for which is 
superspecies. 


The Superspecies in Theory 


Figure 2 represents the evolution of 
three allopatric species A, B, and C from 
their common ancestor X. A, B, and C 
together form a geographical superspe- 
cies. P,Q, and R, the direct ancestors of A, 
B, and C, also show geographical replace- 
ment, and are regarded as geographical 
subspecies, all being referred to a single 
species. X is the direct common ances- 
tor of P, Q, and R. X and P are chron- 
ological subspecies of the same species; 
so are X and Q, and X and R. X, P, Q, and 
R can therefore all be regarded as subspe- 
cies of a single species. If the morpholog- 
ical distinction between A and X be taken 
as equivalent to that between A and B, 
then, as A is specifically distinct from B, 
so must it also be specifically distinct from 
X. A, B, C, and X, in fact, form four 
distinct species. A, however, is clearly 
more closely related by phylogeny to X 
than it is to B. Therefore, if A and B are 
placed in the same superspecies, X must 
also be a member of the same superspe- 
cies. X—P—A, X—Q—B, and X—R—C 
are three lineages, any one of which 
would be ranked as a chronological super- 
species, for each is a simple lineage con- 
sisting of more than one species. The 
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Fic. 2. The superspecies in time and space, 
composed of a single ancestral species, X, 
three geographical subspecies, P, Q, and R, 
and three allopatric species, A, B, and C, the 
lineal descendants of, respectively, P, Q, and 
R. X, P, Q, and R are four subspecies of one 
species; A, B, and C are rated as three sep- 
arate species. The whole complex—X, P, Q, 
R, A, B, and C— is referred to a single 
superspecies. 








neontologist concerned with only A, B, 
and C sees only part of the picture. The 
palaeontologist also sees but part of the 
picture if, working in only one geograph- 
ical area, he detects only X, P, and A. The 
whole picture, which can be discovered 
only by combining the study of geograph- 
ical variation with that of stratigraphical 
variation, shows that A, B, C, P, Q, R, 
and X together all form a single super- 
species. 

Examples of such work are not yet com- 
mon, and the following is a summary; a 
detailed description is to be published 
elsewhere.* 

* Financial support for this work, received 


from the University of Sheffield Research 
Fund, is gratefully acknowledged. 


A Middle Jurassic Superspecies of Oyster 


The Middle Jurassic rocks of Europe 
are characterised by small ribbed oysters. 
These can be classified in three species 
characteristic of three different horizons. 
The earliest, Ostrea gibriaci Martin, is 
abundant in the Upper Bajocian of Bur- 
gundy, but is limited in geographical 
range to the east of France, and cannot 
be divided into geographical subspecies. 
The next species is O. knorri Voltz of the 
Bathonian. In Lower Bathonian times 
this species is represented by a wide- 
spread subspecies, 0. knorri lotharingica 
de Grossouvre, that extends through Eng- 
land, France, Switzerland, and Germany. 
In Middle Bathonian times this subspecies 
is replaced by two geographically sepa- 
rated subspecies, O. knorri knorvi (limited 
to Germany, Switzerland, and northeast- 
ern France) and O. knorri matisconensis 
Lissajous (characteristic of England, Nor- 
mandy, and southeastern France). In Up- 
per Bathonian times both these subspe- 
cies are replaced by others that are still 
unnamed. In Lower Callovian times a 
single subspecies (0. alimena alimena 
d’Orbigny) again spread over the whole 
area, this time greatly extended to include 
much of Eurasia. 

All the species and subspecies men- 
tioned together form a single chronolog- 
ical superspecies, that of Ostrea knorri. 
At no single horizon has a geographical 
superspecies yet been discovered, but that 
is not to say that one never existed. The 
superspecies, as shown in Table I, com- 
prises three species (gibriaci, knorri, and 
alimena), of which O. knorri is divided 
into a series of both chronological and 
geographical subspecies. 


(References on p. 173) 








TABLE I 


GEOLOGICAL HORIZON 
Lower Callovian 
Upper Bathonian 
Middle Bathonian 
Lower Bathonian 
Upper Bajocian 


O. knorri subsp. A 
O. knorri knorri 


SUPERSPECIES OF 0. KNORRI 


O. alimena alimena 

O. knorri subsp. B 

O. knorri matisconensis 
O. knorvri lotharingica 

O. gibriaci gibriaci 





























Reports on the Dredging Results of the Scripps Institution of Oceanography 
Trans-Pacific Expedition, July-December, 1953 


I. The Pycnogonida 
by 
Joel W. Hedgpeth 


Introduction. On October 23, 1953, the MV S. F. Baird, engaged in marine biolog- 
ical and other scientific investigations in the waters of the North Pacific under the 
direction of Dr. Warren S. Wooster, executed a successful dredge haul in 710 fathoms. 
Among the material brought to the surface was one large pycnogonid. It is the pur- 
pose of this report to discuss this interesting capture and its significance to science 
and the welfare of mankind. 


Systematic discussion: 


Family Ammotheidae Dohrn, 1881 
Genus Ascorhynchus Sars, 1877 
Ascorhynchus japonicus Ives 


Ascorhynchus japonicus Ives, 1892; Loman, 1911; Ohshima and Kishida, 1947; 
Hedgpeth, 1949. 

Material collected: TransPac Station 4, 33 degrees N, 134 degrees 55’ E, 710 
fathoms, muddy bottom, 1 male; October 23, 1953. 

This fine specimen extends the range of this species some 40’ south and 3 or 4 
degrees west of previous records, but well within the bathymetric range for this 
characteristic Japanese species. 

General remarks: It is of particular interest to compare this dredging result of 
the Trans-Pacific Expedition with that of another recent expedition, the Swedish 
Deep-Sea Expedition (Fage, 1951). Although not the same species, both expeditions 
agree in having caught the same number of specimens, to wit, one (1). It must be 
pointed out, however, that here the similarity ends, as indicated by the results of a 
detailed statistical analysis (Table I). 


TABLE I 
SWEDISH SIO 
DEEP-SEA EXP. TRANS-PAC EXP. 

No. succeseful dredge WAUle ...o.66.co.c cccccccccsiacceees 9 3 
Total no. of pyenogonids collected.............20008- 1 1 
Ne MeN I cr oar ac cio, sce tvins we MR tN Gc Te IS ATR 0.11 0.33 
I Ne ce sian s a wrmcmnsianieie malate OMe A eG 14 5 
Be I. ee SIO oso oro ens Swedes eedeneareeuwe 0.07 0.20 


As can be seen from this table, our expedition was three times as successful as 
the Swedish Expedition, both in terms of catch per unit of effort (as time away from 
port) and catch per unit of gear. It must not be thought, however, that this means 
that our fishing methods are so vastly superior to those of the Swedes. The only justi- 
fiable conclusion, and one that cannot offend any national sensibilities, is that the 
total pycnogonid population of the overall world ocean has increased threefold since 
1948. At this rate of increase (i.e., about 60% per annum) it is estimated that the 
pycnogonids may support a major fishery sometime in the next millenium. 


PERTINENT LITERATURE 


Face, Louis. 1951. Sur un pycnogonide de HeEpGretTH, Jorn W. 1949. Report on the Pyc- 
l’expédition Suedoise des grands _ fonds, nogonida collected by the Albatross in Japa- 
1947-48. Reports Swedish Deep-Sea Ezp., nese waters in 1900 and 1906. Proc. U. S. 
2, Zoology no. 7. Nat. Mus., 98:233-321, figs. 18-51. 








Aone THE INHABITANTS 
of the intertidal zone of the northern Atlantic coasts of Europe and North America 
are some small, crawling marine isopods (Fig. 1) which for many years were all 
assigned to the species Jaera marina (Fabricius). However, recent studies by Forsman 
and Bocquet reveal that there are actually six distinct, if closely similar forms which 
have been included under this name. Bocquet has concluded that these six forms 
are separate species but so closely similar that the name Jaera marina should be 
retained for the superspecies which they comprise. 

The females of all six species of Jaera marina are indistinguishable; only the 
males permit specific identification, and this primarily on the basis of the structure 
of the thoracic walking legs (pereiopods). 

Because of the ease with which these animals can be studied in the field, and 
reared and hybridized in the laboratory, Bocquet has been able to make as complete 
a biological analysis of a group of closely related species as has ever been made. His 
experimental work has included a comparative study of the relative growth properties 
of five of the six species, and investigation of the genetic basis of the natural poly- 
chromatism of the various species, and a detailed examination of interspecific hybridi- 
zations. Field observations have revealed that, in addition to morphological and 
genetic differences, the representatives of this superspecies exhibit differences in their 
ecological requirements which are remarkable for their distinctness. At many places 
along the European coast four species inhabit the inter-cotidal zone in sizable popu- 
lations. Yet the ecologicai preferences of each is such that, although all four may live 
within tens of meters of each other, their populations seldom mix and almost never 
hybridize naturally. The results of all of these studies constitute a relatively ample 
body of information upon which speculation about the evolutionary mechanisms 
involved in the formation of this superspecies can be based. 

The ecological preferences and geographical distribution of the six species are 
briefly noted below: 

1. J.m. ischiosetosa. Inhabits sheltered places at the highest inter-cotidal levels. 
Subterranean, often in water of continually varying salinity. Known from the coasts 
of Brittany, Sweden, Norway, Russia. 

2. J.m. albifrons. Lives at the high tide level; when the water is below this level, 
they secrete themselves on the underside of rocks and pebbles. Seldom found on the 
algae which cover the rocks. Not euryhaline. Known from the coasts of France, 
England, Sweden, Norway, Russia, Greenland, and the east coast of North America 
as far south as Frenchman’s Bay, Maine. 

3. J.m. syei. Occupies much the same zone as albifrons but also is found on 
algae. Found only on the German coast of the Baltic Sea in water of reduced salinity. 
The fact that no other representative of the superspecies occurs with it perhaps ex- 
plains its wider ecological range. 

4. J.m. posthirsuta. Collected under rocks on the beach. Known only from the 
Cape Cod region. 

5. J.m. praehirsuta. Clearly occupies the lowest part of the inter-cotidal zone, 
and lives almost exclusively on Fucus. Found on the coasts of France, Sweden, Fin- 
land, Norway, Greenland, and the Atlantic coast of North America. 

6. J.m. forsmani. Occupies the zone between albifrons and praehirsuta. At low 
tide, can be found in the rivulets which drain the beach, as well as on algae. As yet 
known only from the coast of Brittany around Roscoff. 

The following paper is a translation of the seventh chapter of a 261-page mono- 
graph entitled “Recherches sur le Polymorphisme Naturel des Jaera marina (Fabr.) 
(Isopodes Asellotes).” This constitutes Part 19 of the Travaux de la Station Biologique 
de Roscoff (pp. 187-450, volume 90, Archives de Zoologie Expérimentale et Génerale). 
The translation has been made with the kind permission of Dr. Bocquet and Prof. 
G. Teissier, director of the station and editor of the Travaux. 
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Evolution of a Superspecies 


of Marine Isopods 


HE concordance between the micro- 

phylogenetic data from studies of the 
comparative morphology of the various 
species of Jaera marina, on the one hand, 
and from analysis of the parallelism be- 
tween the specific polychromatic patterns 
on the other, has permitted us to demon- 
strate the existence of an ancestral form, 
common to all the living representatives 
of the superspecies Jaera marina. This 
ancestral species represents the initial 
monotypic state which was the starting 
point for the micro-evolutionary phenom- 
ena considered in this work. 

Moreover, the determination of the 
present state of the evolution of the Jaera 
marina superspecies (J.m.) depends on 
the morphological and biometric descrip- 
tion of each of their six natural forms, on 
possibilities of interspecific hybridization, 
and on the rarity of natural hybrids in the 
populations of J.m. which at present in- 
habit the inter-cotidal zone. Each of the 
six forms now known must be regarded 
as a species. They constitute a group of 
species or a superspecies, but still border 
closely on a polytypic species. 

Morphological and biometric analysis 
of experimentally obtained interspecific 
hybrids has indicated the genetic nature 
of the differences which separate the pres- 
ent species of J.m. from each other. It can 
be immediately inferred that these forms 
have become differentiated from the an- 
cestral J.m., through additive mutations. 
Six multifactorial genic systems are re- 
sponsible for the polytypism of the sec- 
ondary sexual characters borne by the 
pereiopods [thoracic walking legs] of the 
males. These are present, of course, in 
the genome of females as well as males, 


CHARLES BOCQUET 


but are realized phenotypically only in the 
males. They each characterize one of the 
six species which have maintained them- 
selves up to now. In addition to these 
differences, five of these species, at least 
(if it is permissible, as seems indicated 
by the observation of Swedish J.m., to 
generalize from the results of biometric 
studies on Roscoff populations) differ 
among themselves in the allometric gra- 
dients controlling body shape in the male. 
These biometric characters are also genet- 
ically determined. 

The various forms of J.m. are of interest 
in regard to our conception of the genetic 
constitution of species because of the very 
probable homologies of the genes con- 
trolling pigmentation, and the genetic 
conditioning of such important taxonomic 
characters as their secondary sexual vari- 
ants and their biometric characteristics. 
But above all this superspecies appears to 
us as exceptionally favorable material for 
documenting a fact of evolution about as 
completely capable of analysis as one can 
hope for in a metazoan. However, we 
have considered so far only the extreme 
limits of this evolution, and only the in- 
ternal mechanisms, of mutational order, 
by which it has been accomplished. We 
shall now attempt to coordinate the pre- 
ceding data in relation to the action of 
the equilibrium, perpetually threatened, 
which alone permits the survival of a 
species in the environment where it has 
established itself. To do this we shall seek 
to determine the external factors or mech- 
anisms of this evolution, and to fathom, 
in their biological, biogeographic, and 
chronological complexity, the conditions 
of the transition of the monotypic J.m. to 
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the present species. We then propose to 
retrace, with the aid of logical hypotheses, 
the history of Jaera marina. 


Mechanisms of Speciation 


Under the impetus of genetics, numer- 
ous researches have been devoted to the 
difficult and fascinating problem of the 
mechanisms of speciation. There is no 
question of giving here even a brief sur- 
vey of these works, the product of a gen- 
eration of investigators, in the fields of 
systematics, genetics, and evolutionary 
genetics: the bibliographical references 
can be found in the syntheses of Dobzhan- 
sky, Huxley, and Mayr, and in the notes 
of Haldane, Teissier, and Wright. But 
some results of very general import, tes- 
tifying to a great uniformity in the phe- 
nomena of speciation, are evident in the 
sum of examples which are today known 
to us, and will help us to interpret the 
case of J.m. 

All speciation, or nearly all, implies 
an initial geographic or at least micro- 
geographic isolation. The theory of geo- 
graphic, or allopatric, speciation rests on 
this postulate, strongly supported by our 
present knowledge, which was expressed 
by Mayr (1942) in the following manner: 
“In bisexual animals a new species can 
develop only if a population, which has 
become geographically isolated from its 
parental species, acquires during this pe- 
riod of isolation characters which promote 
or guarantee reproductive isolation when 
the external barriers break down.” The 
same author has shown (Mayr, 1947) that 
the theory of sympatric speciation, up- 
held by certain biologists, notably by ecol- 
ogists, was not dictated by any of the 
examples which have thus far been in- 
voked in its favor. However, the objec- 
tions of ecologists, those of Thorpe (1945) 
in particular, led Mayr (1947) to develop 
further his position regarding the impor- 
tance of ecological factors in speciation, 
although he had since 1942 insisted on the 
fact that geographic isolation is always 
accompanied by ecological variations, and 


that ecological isolation is not conceivable 
without at least micro-geographic isola- 
tion. In this way did he indicate the arti- 
ficial nature of the distinction between 
geographic and ecological races, often 
recognized by systematists. 

The following lines, taken from Mayr 
(1947), seem to me to summarize best the 
present state of the question: 


A balanced evaluation of the respective 
roles in speciation of ecological and geograph- 
ical factors is still missing. Both work closely 
together and “there is no geographical specia- 
tion that is not at the same time ecological 
and genetic speciation” (Mayr, 1942). The 
first step in the speciation process is founding 
of a new intraspecific population. This is very 
often possible only through a shift in eco- 
logical tolerance, and insofar Thorpe’s state- 
ment is quite correct that an ecological rather 
than a geographical event may be the first 
step in speciation, or—since the new popula- 
tion will be not only ecologically different 
but also spatially segregated from the paren- 
tal one—that the ecological event (adaptation 
to a new ecological niche) is at least simul- 
taneous with the first geographical event. 
This first step leads to the establishment of 
a spatially segregated population that is ex- 
posed to different selection pressure owing to 
the more or less differing ecological conditions 
under which it lives. The ecological factors 
here lead to evolutionary divergence. These 
populations will drift apart genetically (prob- 
ably at an accelerating rate!) until a dis- 
continuity through reproductive isolation de- 
velops, provided extrinsic barriers reduce 
dispersal (= gene flow) to such an extent that 
it can no longer neutralize the effects of the 
different selection pressures in the two popu- 
lations. [t is still unknown whether this can 
happen between contiguous populations with- 
out the help of extrinsic factors that reduce 
gene flow. 


Before treating the particular problem 
of speciation in J.m., I shall add to these 
general considerations the hypothesis of 
the unique origin (‘“‘monogenism’’) of all 
the populations which now constitute each 
of its various forms. On the acceptance 
of this hypothesis depends in part the 
validity of certain biogeographic conclu- 
sions, supported also by other arguments. 
Given that identical mutations reappear 
regularly in the genome of populations of 
a given race or species, at rates which it 
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Fic. 1. Left. Male of Jaera marina forsmani. Right. Female of Jaera marina albifrons. 
The polychromatic pattern which each specimen exhibits is not restricted to, and therefore 
typical of, the species to which the figured specimens pertain. Rather does each species exhibit 
several polychromatic patterns, two of which are indicated here. 
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is possible to calculate and predict, and 
which, in stocks with high mutability, can 
be relatively elevated, can one admit that 
several parallel lines of evolution might 
have been produced at different geo- 
graphic points, which have each ended, 
for example, in albifrons or ischiosetosa? 

This multiple origin of each of the 
species of J.m. would be probable only if 
the genomes of the present forms differed 
from that of the ancestral species by only 
a small number of genes. It may be that 
multiple attempts at speciation were pur- 
sued, for a time, within different popula- 
tions, in the same evolutionary directions 
as those which ended in the present forms. 
All were doomed to fail with the exception 
of a single one for each of the evolutionary 
directions that the actual systematics of 
J.m. reveals. There seems to me to be no 
likelihood that systems of additive muta- 
tions as complex as those which separate 
the present forms from each other, and, 
consequently, as those which separate 
each of the present forms from the ances- 
tral form, could have been selected inde- 
pendently and could lead to natural popu- 
lations as identical as are, for example, the 
J.m. albifrons of Roscoff and of Sweden. 
The small biometric differences that de- 
tailed studies would probably reveal be- 
tween these last proceed from a secondary 
divergence, from a differentiation of albi- 
frons into micro-races, rather than from 
a startling convergence between forms, 
multiple in their origin, which would im- 
ply an inconceivable canalization, by nat- 
ural selection, of the evolutionary possi- 
bilities of this stock. 


Speciation in Jaera marina 


The J.m. superspecies provides us with 
a singularly complex example of specia- 
tion, in the sense that it is not a case of 
merely two similar forms not occurring 
together but inhabiting neighboring eco- 
logical zones; rather it is a question of 
three or four species partitioning, in regu- 
lar succession, the inter-cotidal zone along 
vast stretches of the European coasts— 


a precise partitioning which is the result 
of the restricted nature of the ecological 
preferences of each species. 

We shall discover, in reviewing the 
difficulties, that the relative antiquity of 
most of the species and the homogeneity 
of the marine environment that they in- 
habit, explain their wide distribution and 
the fact that their geographic areas of 
origin are very often completely masked. 
But there remains the fact that the local- 
ization of the species of J.m. in strict, 
regularly stratified ecological levels—a 
vertical distribution that we shall inter- 
pret through the secondary contiguity of 
species occupying adjacent zones—pre- 
sents in acute fashion the difficult prob- 
lem of the role of ecological factors in 
speciation. 

Without question, the phenomena of 
speciation did not unfold simultaneously 
for the six forms of J.m. that we know 
today. 

As there is little chance of finding J.m. 
fossils in dated geological beds, the bio- 
geographic distribution of the present 
forms warrants some hypotheses, interest- 
ing even if imperfect and fragmentary, 
about the relative chronology of these 
evolutionary events. Indeed, let us re- 
member that, according to the researches 
of Forsman on the collections of numerous 
museums, only the two species albifrons 
and praehirsuta are found in the whole 
of the area of distribution of J.m., on the 
Atlantic coasts of North America and 
Europe. The species posthirsuta is found 
only on the American coast, and ischiose- 
tosa, syei, and forsmani exist only on the 
European shores. It is inconceivable that 
J.m. albifrons and praehirsuta, littoral, 
crawling, and sedentary, whose develop- 
ment includes no pelagic stage, would 
have been able, in view of the earth’s 
present-day geography, to migrate from 
America to Europe, or vice-versa. As a 
consequence, the speciation of these two 
species, and these alone, was achieved be- 
fore the sinking of the lands which, before 
the Oligocene or the Miocene, united 
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Greenland and Scandinavia, on the site of 
the Wyville Thomson sill.1 The form 
posthirsuta, on the one hand, and the 
forms ischiosetosa, forsmani, and syei, on 
the other hand, would have become differ- 
entiated on their respective shores subse- 
quent to the sinking. 

The preceding deduction, which demon- 
strates the relatively ancient origin of the 
forms albifrons and praehirsuta, in com- 
parison with that of the other forms, is 
valid only if further collections on the 
American coast do not reveal other Euro- 
pean species of J.m. living there. It is, 
however, strongly supported by the great 
difficulty that I have encountered in ob- 
taining hybrids between praehirsuta and 
all the other forms of J.m., while crossings 
between species other than praehirsuta 
succeed easily. This last argument is not 
in itself adequate proof of the antiquity of 
praehirsuta, but it does strengthen the 
preceding argument. 

Moreover, the strict localization of syei 
on the coasts of the Baltic, and perhaps 
even on the German coasts of this sea, 
leads us to attribute to this species a very 
recent origin, surely later than the regres- 
sion of the Wiirm glaciers. The extended 
range of ischiosetosa testifies to its more 
ancient formation, but it is impossible to 
specify between the Miocene and the 
Wirmian period. The absence of biogeo- 
graphic information relative to forsmani 
prohibits, for the moment, any hypothesis 
as to the epoch of its differentiation. 


The Ancestral Jaera marina 


Before examining the speciation of the 
most ancient forms of J.m., albifrons and 
praehirsuta, it is important that we dis- 
cuss a few alternatives concerning the 
morphology, biology, and geographic dis- 
tribution of the ancestral monotypic J.m., 
whose existence is certain in pre-Oligo- 

1It is not very likely that the precarious 
ties made up of the glaciations covering the 
Greenland-Scandinavia mass, at the beginning 
of the Quaternary, permitted the intercon- 
tinental transfer of J.m. 


cene or pre-Miocene times. It is clearly 
not a question of arriving thus at the re- 
constitution of the state of the species 
J.m. before its differentiation, but merely 
of delimiting the several states, more or 
less probable, in which it might then have 
been found; one of them corresponds to an 
accomplished reality, but the knowledge 
of which one remains forever inaccessible. 

Even if it is certain that the morpholog- 
ical characters of the females of the ini- 
tial J.m. were the very ones that the fe- 
males of the six present-day species have 
kept in common, and even if we can de- 
duce from their uniformity in the six 
types of males known today the general 
morphology and the form of the preoper- 
culum of the ancestral males, we still 
know nothing of the secondary sexual dif- 
ferentiations that they perhaps carried on 
their pereiopods. 

One can conceive that the ancestral 
males, as yet lacking such distinguishing 
sexual characters, belonged to an “undif- 
ferentiated” type. The fact that Jaera 
sarsi, which is, on the basis of the charac- 
ters of the preoperculum, the species 
nearest to J.m., shows no sexual variant 
on any of the pereiopods of the males, 
speaks in favor of this first hypothesis, 
without constituting a decisive argument. 
The morphological uniformity of the pre- 
adolescent males of all the living forms 
of J.m. leads without question, if the law 
of ontogenesis is valid here, to the idea 
that at a primitive stage of their evolution 
the males of Jaera possessed no sexual 
differentiations on their pereiopods. How- 
ever, it is doubtful if this law applies to 
characters whose phenotypic manifesta- 
tions have at all times been very late in 
ontogeny, and besides there is no proof 
that this “undifferentiated” state was not 
the lot of an ancestral aera rather than 
of the ancestral J.m. Because the sexual 
differentiations of the living species mani- 
fest themselves, sometimes on the an- 
terior pereiopods, sometimes on the pos- 
terior pereiopods, it could be argued that 
the ancestral males, less differentiated 
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than each of the present forms, did not 
exhibit differentiation on any of their 
pereiopods. This argument has already 
been invoked in different illustrations of 
evolution and in each case can be refuted 
as absurd. 

The remarkable sensitivity, among liv- 
ing forms, of the structure of the pereio- 
pods to genetic modification makes very 
plausible the replacing of an initial differ- 
entiation of the pereiopods by a new dif- 
ferentiation. The group of most likely hy- 
potheses that one can make, on the basis 
of this opinion, suggests that the ancestral 
males possessed sexual differentiations 
very similar at least in their general na- 
ture to those characterizing some one of 
the present forms. The field of possibili- 
ties seems restricted to one or the other 
of the most ancient forms, albifrons or 
praehirsuta. However, a comparison of 
the potentialities for experimental hybrid- 
ization of these two species makes albi- 
frons the more logical choice as the an- 
cestral form or the form nearest to the 
original stock. But another solution can 
be reasonably proposed. It appears rather 
unlikely that an ancestral form albifrons 
could, in the course of two distinct specia- 
tions, undergo two redifferentiations re- 
sulting in sexual variants of the same 
type, on the same pereiopods, as are those 
of ischiosetosa and posthirsuta. This diffi- 
culty is eliminated if one supposes either 
that the ancestral J.m. belonged to an un- 
differentiated type or, more probably, that 
it carried on the pereiopods of its males 
sexual variants of a type bordering on the 
present ischiosetosa and_ praehirsuta 
types. It is clear that, according to this 
last hypothesis, three forms of J.m. (the 
ancestral form, albifrons, praehirsuta) 
must have existed in the Oligocene or the 
Miocene, before the separation of America 
and Europe. According to the hypothesis 
of one ancestral J.m. albifrons, only two 
forms (albifrons, praehirsuta) would have 
lived at that time. 

As the center of dispersion of the an- 
cestral J.m. must surely be placed in the 


Atlantic domain of the northern hemi- 
sphere, the geographic range of the mon- 
otypic species previous to the scission of 
the continents remains unknown to us. 
Did it occupy only a limited area, the 
length of the Atlantic shores? Did it, on 
the contrary, already extend over a con- 
siderable territory comparable, allowing 
for the geological modifications of the 
coastal zones, with that occupied by the 
present-day forms of J.m.? To choose be- 
tween these two possibilities remains im- 
possible. 

Finally, there is every reason to think 
that the ancestral J.m. was, like the pres- 
ent species which derive from it, a coastal 
form, exclusively crawling and sedentary, 
and that it was made up of multiple popu- 
lations, each of average effective size vary- 
ing between some hundreds and some 
thousands of individuals. Founded from 
place to place by individuals carried away 
by the currents, these populations had es- 
tablished themselves in all the places 
where favorable conditions prevailed, at 
an indeterminable level of the _ inter- 
cotidal zone, but probably as restricted as 
that which the various forms of J.m. each 
occupy today. Indeed, there is no reason 
to attribute to the ancestral J.m. particu- 
larly great capacities for ecological adap- 
tation. On the contrary, the biogeographic 
evolution of the species and their powers 
of subspecific differentiation are generally 
associated with an increase in their eco- 
logical tolerances, a factor limiting their 
tendency to expansion, which is also 
checked by natural selection. It is prob- 
able that in most of these populations 
genic mixtures were continually being 
produced by immigration and emigration 
of individuals. But it is also certain that 
some among them would find themselves 
safe from any but exceptional exchanges 
with the nearest sister populations. This 
situation would arise from the more or 
less accidental colonization of a distant 
territory, or from a secondary separation, 
following local geographic changes, of 
parts of a once continuous population. 
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Such populations can be considered as 
genetically isolated, at least temporarily. 


Speciation in Jaera marina albifrons and 
praehirsuta 


The specific differentiations of the an- 
cestral Jaera marina can be interpreted by 
means of a small number of models in 
which different weights are attributed to 
the geographic aspects of speciation on 
the one hand, and to the ecological ones 
on the other. Although these two groups 
of factors necessarily act, simultaneously 
or successively, in the formation of every 
new species, we have never been able to 
specify their respective roles. 

I shall first of all define these theoreti- 
cal models, and then discuss their applica- 
tion to the initial speciations of Jaera 
marina. 

The schemes which follow rest on a 
fundamental common postulate, that of 
the necessity for initial genic isolation of 
certain populations, the explicit condition 
of success in an attempt at speciation. 
But this genic isolation could have been 
realized either (1) for populations of J.m. 
sufficiently isolated by their geographic 
remoteness, measured in a direction par- 
allel to the shore line, from the nearest 
populations of this species; or (2) for pop- 
ulations which, having exceptionally un- 
dergone a notable modification of their 
ecological requirements, have established 
themselves at inter-cotidal levels unfavor- 
able to any immigrants descended from 
the initial populations. A population 
could thus be isolated micro-geograph- 
ically (by our human scale) or geograph- 
ically, and could evolve under the effec- 
tive protection of an ecological barrier. 
The sexual isolation of the living forms 
of J.m. albifrons and praehirsuta appears 
at present, for example, as a needless se- 
curity. The two species, although found 
only tens of meters apart, in a direction 
perpendicular to the coast, are quite dis- 
tinct in their ecological preferences and 
live localized in non-contiguous bands of 
the inter-cotidal zone. 


“Geographic” speciation. The first of 
the preceding concepts leads us to two 
models not very different from each other, 
the first of which corresponds to a “geo- 
graphic” speciation in the strict sense. 

Let us imagine a population of the an- 
cestral J.m., occupying its normal eco- 
logical level, but in a territory sufficiently 
isolated geographically so that the pres- 
sure of mutation, the play of selective 
forces, and random fixation exceed, in the 
population under consideration, the ho- 
mogenizing effect of the genic mixtures 
with the immigrants from sister popula- 
tions. Such conditions could be encoun- 
tered either on the frontier of the area of 
distribution of the species, or perhaps in 
rocky regions bounded on all sides by 
great sandy expanses, or yet on islands 
secondarily separated from the shore and 
sufficiently removed from it. 

Of the numerous fortuitous mutations 
which must have been produced under 
these circumstances, most have died out 
after a more or less ephemeral duration, 
because they were unfavorable to the 
species. But other mutations, additive in 
their effects, which, in order not to preju- 
dice our knowledge on the question, can 
be designated under the general term of 
mutations of sexual isolation, have been 
favored by an initial selection and have 
progressively implanted themselves in the 
isolated genic stock. 

The experiments in homogamy, which 
are now being pursued in several labora- 
tories, have indeed shown in the course 
of these last years that certain genes, 
whose phenotypic action has long been 
known, also regulate the repulsion or at- 
traction, necessarily active at the bio- 
chemical level, between males and females 
of the same species of Drosophila. It is 
then conceivable that the phenomena of 
speciation can depend, to a certain degree, 
on such sexual biochemical mutations, 
and it is not impossible that the morpho- 
logical differences (including the second- 
ary sexual differentiations) are epiphe- 
nomena, the result of a pleiotropic effect 
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of preceding mutations or of the action 
of genes associated with them. In the case 
of the present forms of J.m., for example, 
the great possibilities of experimental hy- 
bridization prove clearly that when one 
suppresses the possibility of choosing 
among partners of different species, the 
secondary sexual characters, although of 
very different types, do not suffice to en- 
sure specific integrity. In natural sym- 
patric populations, quite to the contrary, 
specific integrity is almost perfectly main- 
tained, very probably because of the ad- 
ditional intervention of a biochemical de- 
terminant of isolation. 

Be that as it may, at least a part of these 
mutations of sexual isolation have pro- 
gressively determined, in the males of the 
population under consideration, either the 
appearance of sexual variants on the 
pereiopods, or a modification of the sex- 
ual differentiations characterizing the 
males of sister populations. The biometric 
characteristics of the individuals have 
likewise been modified little by little, 
whether by a pleiotropic action of the sex- 
ual mutations, or by reason of the fixation 
in the genome of independent mutations 
or mutations associated with preceding 
ones. Finally, by the same mechanisms, 
fortuitous physiological factors, slightly 
different from those of the initial species, 
have been simultaneously selected. 

Selected in each generation, preserved 
by a newly created homogamy, and trans- 
mitted through heredity by individuals 
of the two sexes (the females, pheno- 
typically undifferentiated, possessing the 
same genotypic constitutions as the mu- 
tant males), these favorable new charac- 
ters have gradually substituted them- 
selves for the old. A new homogeneous 
genic population has finally replaced the 
old one locally. By exhausting, at least 
for the time being, favorable evolutionary 
potentialities, the new species has stabi- 
lized itself: the fortuitous mutations 
which will continue to appear, having 
much more chance of being unfavorable 
than favorable, will no longer afford the 


species more than fleeting prospects, gen- 
erally abortive, and will accordingly be 
eliminated by a conservative selection, 
protecting the previous work of the “in- 
novating” selection. 

Following the re-establishment of geo- 
graphic connections, temporarily inter- 
rupted, between its center of speciation 
and the neighboring territories, the new 
form began to spread over a wider do- 
main, entering into competition with pop- 
ulations of the old species and with other 
species of coastal invertebrates. It is in 
the course of this competition, and then 
later at the formation (properly called 
geographic) of the new species, that the 
ecological factors intervene. The success 
of forms which have maintained them- 
selves up to the present, like the failure 
of numerous attempts which have left no 
trace, depends especially on the quality 
of the respective adaptations of the co- 
existent species to definite ecological con- 
ditions. The physiological modifications 
sustained by the new sexually isolated 
species have permitted it, if we take a 
favorable example, to maintain itself in 
populations contiguous with those of the 
initial species. However, the intense com- 
petition to which it is subjected limits the 
spread of the new species to its preferen- 
tial level of adaptation, that is, to a nar- 
row band parallel to the one occupied by 
the ancestral form. The vertical distribu- 
tion of the forms of J.m., following specia- 
tion, will either remain unchanged, if the 
two species have divided the level occu- 
pied previously by the ancestral form, or 
more likely, be extended in more or less 
notable fashion. Successive expansions by 
successive speciations have permitted the 
present-day forms of J.m. to conquer the 
whole of the inter-cotidal zone. In the 
course of this phase of expansion, new 
mutations, adapting the species to local 
(for instance thermal) conditions, were 
perhaps incorporated in the new specific 
genotype, without greatly altering the 
differential morphological and ecological 
factors. 
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“Geographic-ecological” speciation. The 
preceding scheme deals, in what are prop- 
erly called the phenomena of speciation, 
only with fortuitous mutations. But it is 
within reason to suppose that this isolated 
form in the initial stages of speciation has, 
in the absence of competitors, extended 
the width of its inter-cotidal level beyond 
the limits within which the populations 
of the ancestral form were confined. 

This colonization of unusual ecological 
zones has involved, in the course of speci- 
ation, a selection of adaptive physiological 
genes which later on intervened in the 
competition with the ancestral popula- 
tions and, in the partition of the inter- 
cotidal levels, between this ancestral form 
and the new species of J.m. 

“Ecological” speciation. Finally, it is 
possible that ecological factors have 
played, from the beginning of speciation, 
an essential role in making a micro-geo- 
graphic barrier impassable, after an excep- 
tional event, or in modifying temporarily 
the environmental conditions in a definite 
geographic domain. 

The migration of the littoral forms of 
J.m. to deeper levels in the course of a 
particularly rigorous winter, a fact ob- 
served by Forsman, can furnish us with 
a picture of such a situation. It is prob- 
able that numerous J.m. succumbed in the 
course of this migration and that others, 
which survived as well as they could, re- 
gained their usual level after the return of 
normal conditions. But it also seems pos- 
sible that, in an analogous case, other 
Jaera might remain in a relatively deep 
zone, thanks to a rapid adaptation to new 
ecological conditions, and found a new 
colony at an unusual level. This new 
colony might be quite isolated enough to 
undergo eventual speciation, despite the 
small metrical distance separating it 
from the initial zone of adaptation. This 
speciation, effected in the shelter of an 
ecological barrier, will permit, besides the 
mutations of sexual isolation and the bio- 
metric mutations mentioned in the ‘‘geo- 
graphic” model, a selection of physiolog- 


ical genes closely adapting the new form 
to the ecological conditions in the environ- 
ment where it first arose. Once stabilized 
by conservative selection, a differentiated 
species in such conditions could spread 
over a considerable area, along the entire 
length of its adaptive level, which is not 
contiguous with that of the initial form, 
without entering into competition with 
that form except in possible efforts at es- 
cape to adjacent zones. 

Such a manner of ecological isolation is 
not necessarily micro-geographic. One 
can suppose, for example, that the retreat 
of a glaciation has for a time very notably 
reduced the salinity of the marine waters 
in a rather vast region. The differential 
death of most of the population would 
have allowed only a small number of sur- 
vivors to subsist in these areas and they 
would have adapted themselves more and 
more strictly to life in a brackish environ- 
ment. They would then have been able to 
undergo speciation under ecological con- 
ditions that would cut off any attempt at 
immigration on the part of populations es- 
tablished in regions untouched by climatic 
change. After the return of normal con- 
ditions, the territory under consideration 
will be colonized anew by other forms of 
J.m. If the ecological isolation of this 
population has lasted long enough to per- 
mit it to achieve sexual isolation, it will 
keep its specific integrity when entering 
into competition with the ancient forms 
and will maintain itself in the brackish 
euryhaline coastal band, to the conditions 
of which it is now better adapted than 
are the others. 


One cannot with confidence choose one 
rather than the other of the solutions 
which have just been proposed to the 
problem of speciation in J.m. What is 
much needed is an exact study of the 
biogeographic distribution of J.m. praehir- 
suta and albifrons, including exact delimi- 
tation of the territories occupied by their 
respective populations, in regions where 
forsmani, probably of recent formation 
and ecologically intermediate between the 
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preceding forms, is absent. If such a 
study presented evidence of a constant 
micro-geographic discontinuity (in the 
direction perpendicular to the coast) be- 
tween these two species, this evidence 
would provide a very powerful argument 
in favor of the “ecological” speciation of 
praehirsuta, in the manner of the first of 
the proposed models of this type of spe- 
ciation. 

According to the hypothesis in which 
J.m. albifrons represents the ancestral 
form of the J.m. superspecies, the pre- 
Oligocene or pre-Miocene state of J.m. 
would be interpreted from that time. 

According to the hypothesis in which 
an ancestral form distinct from albifrons 
and praehirsuta would have maintained 
itself after the specific differentiation of 
albifrons and praehirsuta, a “geographic” 
or more likely ‘“ecological-geographic” 
scheme gives a more satisfactory repre- 
sentation of the origin and range of albi- 
frons, while still permitting the possibility 
of an “ecological” speciation of praehir- 
suta. 


The Hybrid Origin of J.m. syei 


J.m. albifrons and praehirsuta which, 
before the sinking of the Wyville Thom- 
son sill, inhabited a large part of the 
northern coasts of the Atlantic, seem not 
to have changed since the Miocene. The 
populations of each show the same charac- 
teristics, respectively, whether they live 
on the eastern shores of North America or 
the western shores of Europe. But new 
speciations have occurred subsequent to 
this period which have entailed at certain 
points, as in Brittany, the conquest of 
the inter-cotidal zone. 

The first of these post-Miocene specia- 
tions gave rise to posthirsuta on the 
American coasts and ischiosetosa, similar 
to the preceding, on the European coasts. 
This provides us with our first example 
of an incontestably distinct geographic 
origin among the members of this super- 
species. One can seek the parent stock of 
these two species within albifrons, from 


which they would derive by two specia- 
tions similar in many respects; but it is 
also possible that they derived from the 
ancestral stock, which persisted after the 
formation of albifrons and praehirsuta.? 

It seems legitimate to search for the 
origin of forsmani in praehirsuta because 
of the morphological and ecological re- 
semblances between these species. How- 
ever, the difficulty of obtaining experi- 
mental hybridization between praehir- 
suta and the other forms of J.m. and the 
easy hybridization between forsmani and 
the other forms (with the exception of 
praehirsuta) constitutes an objection to 
this hypothesis. Finally, albifrons, pos- 
sibly through its hybridization with is- 
chiosetosa, gave rise to syei, which is still 
confined to its site of speciation.* 

It would be unprofitable to discuss at 
length the mode of speciation of each of 
the species posthirsuta, ischiosetosa, and 
forsmani. It is possible that ischiosetosa 
represents a persistence of the ancestral 
form, a relict species driven back by bet- 
ter-adapted forms, which has found ref- 
uge at the edge of the marine environ- 
ment, in brackish or even fresher water. 
Perhaps they survived because they pos- 
sessed a favorable differential adaptation 
to conditions which, in a definite geo- 
graphic area, eliminated the other forms 
of J.m. This would be similar to the sec- 
ond model given above, that of ‘“ecolog- 
ical” speciation. A geographic or geo- 
graphic-ecological scheme seems in any 


2 Biometric comparison of body characters 
in posthirsuta and ischiosetosa would make it 
possible to decide with greater certainty be- 
tween these two hypotheses. If it revealed 
their identity or at least their great similarity, 
direct origin of posthirsuta and ischiosetosa 
from an ancestral stock other than albifrons 
is the more likely. 

3It is also appropriate to recall the very 
special interest that would be provided by 
the study of Mediterranean populations of 
J.m... . Whose formation remains hypotheti- 
cal and which, isolated from each other and 
from Atlantic populations, are perhaps dif- 
ferentiated into species or subspecies as yet 
unknown. 








\S- 
is- 


ill 


at 


nd 
SA 
ral 


OS- 
on 
e0- 


ec- 
og- 
e0- 
ny 


ers 
e it 
be- 
iled 
‘ity, 
‘osa 
ons 


ery 

by 
; of 
1eti- 
and 
dif- 
yet 








EVOLUTION OF A SUPERSPECIES OF ISOPODS 


159 





case perfectly suited to the speciation of 
forsmani. 

But even if the mechanisms which 
have been invoked so far could be applied 
to the formation of syei from albifrons, 
comparison of syei with the whole group 
made up of albifrons, ischiosetosa, and 
their first- and second-generation hybrids, 
leads one to consider the possibility of its 
hybrid origin. 

I am not unmindful of the fact that in 
the Animal Kingdom speciation by hy- 
bridization is considered a very excep- 
tional phenomenon, and that natural hy- 
bridizations between subspecies or “spe- 
cies” end in the breakdown of pre-existing 
systematic discontinuities rather than in 
the establishment of new discontinuities. 
However, Patterson (1942) believes in the 
hybrid origin of Drosophila americana and 
it is possible that Notonecta glauca hy- 
brida, the hybrid origin of which is cer- 
tain (between N. g. rufescens and N. ob- 
liqua meridionalis) represents an incipi- 
ent species (Poisson, 1933). 

The hypothesis of the speciation of syez 
by hybridization between albifrons and 
ischiosetosa does not lack supporting evi- 
dence. We have shown, in the morpholog- 
ical study of the present-day forms of 
J.m., the striking similarities in the sec- 
ondary sexual characters of albifrons and 
syei, and we have insisted on the constant 
differences which separate these forms. 
We also know that, in the hybrids be- 
tween albifrons and ischiosetosa [I-A, A-I, 
A-(I-A) or (A-I)], the lobe of the carpo- 
podites of the sixth and seventh pereio- 
pods is still nearer in its form to that of 
syei than to the lobe of albifrons, and that 
this resemblance is accentuated by the 
increase in the number of hooked bristles, 
in comparison with what one observes in 
albifrons. Moreover, the biometric char- 
acteristics of the body segments are, in 
the I-A or A-I hybrids, statistically iden- 
tical with those of ischiosetosa and with 
those of syei. Similarly, the garniture of 
hairs on the pleotelson, on the lateral 
parts of the thoracic segments, and on the 


head is very much the same in ischiose- 
tosa, syei, and I-A or A-I hybrids, and 
clearly different from the corresponding 
ornamentation in albifrons. Finally, let 
us remember that syei, now localized at 
its Baltic center of speciation in water of 
low salinity, resembles ischiosetosa in eco- 
logical requirements, but seems to extend 
in an inter-cotidal band which corre- 
sponds on the rest of the European coasts 
to the two preferential bands of albifrons 
and ischiosetosa. 

It thus seems possible to me that the 
form syei results from a selection which 
in a small population favored certain hy- 
brids between albifrons and ischiosetosa, 
to the detriment of the parents. This has 
fixed in the syei genotype a recombination 
of the ischiosetosa genic system, which 
is responsible for the gradient of allom- 
etry of the body and of the albifrons 
genic system which, modified by some 
ischiosetosa genes, is responsible for the 
secondary sexual characters of the pos- 
terior pereiopods. One may hope that 
studies employing demometric methods 
will someday make it possible to submit 
this hypothesis to experimental verifica- 
tion. 


Conclusions 


It is much to be desired that more field 
and laboratory investigations be made in 
order to supplement the data now avail- 
able on the Jaera marina superspecies. 
Different lines of research have been sug- 
gested in the course of this paper: bio- 
metric comparison of geographically sep- 
arated populations, for each form of J.m.; 
biometric study of J.m. posthirsuta and 
its comparison with that of ischiosetosa; 
delimitation of the range of forsmani and 
very exact determination, over the widest 
possible geographic area, of the territories 
occupied respectively by albifrons and 
praehirsuta; faunal examination of is- 
lands, the eastern coasts of North Amer- 
ica, the Mediterranean regions; compara- 
tive evolutionary genetics of specific poly- 
chromatic patterns; comparative cytology 
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of the different forms; researches on the 
homogamy of the various species, the fre- 
quency of natural hybrids, and the even- 
tual stabilization of hybrids between albi- 
frons and ischiosetosa. Many other ex- 
perimental possibilities clearly remain 
open, but research along the lines indi- 
cated should bring precise information to 
bear upon many points as yet inade- 
quately understood. These results would 
undoubtedly reduce the number of hy- 
potheses which it has been necessary to 
enumerate and give greater weight to 
those remaining, unless, of course, they 
lead to serious modification of the con- 
cepts which in the present state of our 
knowledge seem most probable. 

For the present the following general 
considerations appear to me to be reason- 
ably well established. 

The living forms of Jaera marina occur, 
one above the other, in very narrow bands 
within the inter-cotidal zone and are 
found in regular spatial succession at 
many points over an extremely vast geo- 
graphic area. This pattern of distribution 
results in secondary contiguities of the 
species,‘ considered two by two, each of 
which has evolved in some particular part 
of its range, under the protection of a 
spatial, geographic, or micro-geographic 
isolation, which was efficacious in itself 
or was rendered efficacious by ecological 
isolation as well. This distribution has 
been established and keeps remarkably 
constant because of the extremely narrow 
ecological preferences of the different spe- 
cies, the existence in the marine environ- 
ment of similar ecological conditions along 
very extended geographic bands, and the 
efficacy of natural selection which at pres- 
ent works to check any tendency for a 


4 In the hypothesis of an “ecological,” micro- 

geographic origin of J.m. praehirsuta from 
albifrons, the initial populations of praehir- 
suta are not contiguous with the ancestral 
populations. The contiguity in Brittany be- 
tween praehirsuta and forsmani is secondary. 
The question of a primary contiguity of prae- 
hirsuta and albifrons, in regions where fors- 
mani is lacking, remains open. 


species to spread toward the ecological 
bands adjacent to its own level of prefer- 
ential adaptation. 

Many examples have already been ana- 
lyzed which have provided evidence of a 
secondary contiguity of ecologically dif- 
ferent “subspecies” (Mayr, 1947). But 
none of these, to my knowledge, shows 
this phenomenon pushed to the extreme 
point that J.m. exhibits. There is no dif- 
ference between the geographic distribu- 
tions—this term being used in its cur- 
rently accepted fashion—of J.m. albifrons 
and praehirsuta that one encounters on 
the coasts of North America and Green- 
land and, in Europe, from Scandinavia to 
the south of France. On all the eastern 
coasts of Europe J.m. albifrons and ischio- 
setosa are encountered in truly contiguous 
populations. Indeed, at Roscoff, and prob- 
ably at many other points on the French 
coasts, four species of J.m. are disposed in 
four contiguous bands, occupying together 
the whole of the relatively narrow inter- 
cotidal zone. The example of J.m. is, 
moreover, singular only in the exceptional 
possibilities for experimentation, and 
hence for analysis, that this superspecies 
affords. The species of several kinds of 
inter-cotidal invertebrates—for example, 
gastropods—show, in their local stratifi- 
cation, which persists over a vast area, a 
distribution which recalls that of J.m. 
and which probably has a similar inter- 
pretation. 





We have discussed the incorporation 
into the genome of physiological genes, 
which were selected at the beginning of 
the phase of expansion of each species or 
possibly in the course of the speciation 
of some of them. This genetically con- 
trolled adaptation of each form to a nar- 
row ecological band, over the very vast 
geographic expanse that it has colonized, 
raises an interesting problem. Are there 
not much more important ecological dif- 
ferences between the environments where 
the J.m. albifrons of Roscoff, Sweden, or 
Greenland thrive, than between the pref- 
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erential inter-cotidal levels inhabited re- 
spectively, in the region of Roscoff, by 
J.m. ischiosetosa, albifrons, forsmani, and 
praehirsuta? 

This objection could apply to a great 
part of the inter-cotidal fauna, as in the 
algae, for instance the various Fucaceae, 
which define inter-cotidal levels in con- 
stant fashion everywhere along the Euro- 
pean coast from Scandinavia to Portugal. 

The notions of physiological threshold 
and differential sensitivity in the various 
species, with regard to one or the other 
ecological factor, provide an interpreta- 
tion of this apparent contradiction. One 
perceives, for example, that the conditions 
of euryhalinity which prevail at the upper 
inter-cotidal levels act as a limiting factor 
for most species of J.m. and can only be 
tolerated by ischiosetosa, whereas differ- 
ences in the mean water temperature, 
within the limit on which the geographic 
distribution of all members of the super- 
species depends, exercise no differential 
action on the various forms. Similarly, 
the relative importance of the duration of 
emersion and immersion, variable accord- 
ing to the inter-cotidal levels, can permit 
the establishment of one form of J.m. at 
one of these levels and exclude this level 
for the other members of the same super- 
species. 

In the extremely complex totality of 
ecological conditions, it is thus sometimes 
one and sometimes another of the factors 
which appears as the decisive element in 
the success or extinction of species at a 
given point, thus regulating their distri- 
bution. Of course, one must consider for 
each factor its variability, or rather its 
different states of equilibrium, difficult to 
define by their mean and extreme states, 
which result from its interaction with 
other factors. Knowledge of the ecological 
mechanisms of speciation will progress 
along with analytic and then synthetic 
studies of the factors of micro-ecology, 
which will make it possible to define in 
each particular case the favorable or limit- 
ing action of different environments on 


neighboring genotypes. Thus will scien- 
tific facts replace our significant but un- 
elucidated ecological observations. But, 
in any event, the distribution of the vari- 
ous forms of J.m., like that of the different 
forms of Fucus, is a fact and shows that 
the ecological differences between homol- 
ogous inter-cotidal levels, at geograph- 
ically remote points, do not act as limit- 
ing factors, whereas at any one point a 
vertical variation of weak amplitude as- 
sumes a decisive importance. 

Whatever its precise determination, of 
which we can only catch a glimpse, the 
peculiar distribution of the forms of J.m. 
and of numerous inter-cotidal organisms 
depends upon two fundamental aspects of 
their life. On the one hand is their locali- 
zation at various inter-cotidal levels, lev- 
els from which they can emerge more or 
less frequently and for periods that vary 
according to the tides. But this behavior, 
in its mean and its extremes, is charac- 
teristic for each of them. The different 
forms of J.m. all show to various degrees, 
the peculiarities of the life of this partly 
marine, partly terrestrial zone. For or- 
ganisms living here, the sea represents 
the variable element, the determinative 
cause (through the amplitude and peri- 
odicity of its continual vertical move- 
ments) of variations and of effective eco- 
logical discontinuities. On the other hand, 
most of the species living here, J.m. 
among them, enjoy a considerable geo- 
graphic extension. In this respect they 
share a fundamental trait of marine ani- 
mals, which are inhabitants of a contin- 
uous medium, where identical or very 
similar ecological conditions occur over 
immense expanses. The distribution of 
the forms of J.m. results from this duality 
of the marine environment, at the bound- 
ary which the earth and the sea divide 
anew each day. 

The example of the J.m. superspecies, 
then, constitutes a case of speciation at 
the boundary of the sea with the land, 
and we have seen that its successive dif- 
ferentiations have all necessitated the 
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bringing into play of continental phe- 
nomena. But the mechanisms of specia- 
tion in J.m., with their triple “geo- 
graphic,” ‘ecological-geographic,”’ and 
“ecological” aspects,—those very mecha- 
nisms which researches on terrestrial and 
freshwater forms have established—have 
a general value and are applicable to the 
origin of species in the marine environ- 
ment as a whole, where the original spe- 
ciations and the differentiation of all the 
ramifications of living beings have been 
produced. It is clear that the concept of 
geographic isolation, although it loses im- 
mediate significance from the fact of the 
continuity of the seas and oceans of the 
globe, retains an incontestable value for 
numerous marine forms. Apart from its 
importance, as the example of the Jaera 
marina superspecies illustrates, for all the 
inter-cotidal species, it applies to most of 
the forms associated with the continental 
shelf, and no doubt even to those of the 
oceanic water masses, at the interior of 
which currents establish barriers that are 
sometimes impassable (see the distribu- 
tion of the species of Mysidacea Lopho- 
gaster (Fage, 1942)). But geographic iso- 
lation can become effective only in com- 
bination with ecological isolation. Zones 
of temperature or of salinity, for example, 
in the uninterrupted mass of the seas, 
testify to an ecological, evidently spatial, 
heterogeneity, in which one can see, at 
least for certain species, a beginning of 
genic isolation preliminary to all spe- 
ciation. 
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On Hadzi’s Interpretations 
of Animal Phylogeny 


N A RECENT number of this journal 
Prof. Hadzi has outlined his views on 

the phylogeny of the animal phyla in a 
manner that will have been of great in- 
terest to zoologists. With a great deal of 
what he writes and many of his conclu- 
sions, not a few zoologists, and I among 
them, will agree; but there are some con- 
clusions in his paper with which I, for 
one, cannot agree. I wish to discuss these 
in the light of evidence that Prof. Hadzi 
either does not consider or regards as of 
little importance. 

First of all, it must be emphasised that 
the evolution with which we are con- 
cerned took place very long ago, long 
before the earliest fossil-bearing rocks 
were laid down. Since that time evolu- 
tionary change of every kind has taken 
place in all the animal phyla, and indeed, 
many zoologists may believe that it is un- 
reasonable to expect evidence concerning 
these questions reliable enough to make 
discussion worth while. I do not agree. 
Certainly, no conclusions that we reach 
can be more than tentative, and they may 
very well be upset by future discoveries, 
but the evidence we now have is, I think, 
surprisingly concrete, and the subject is 
so important for our general conception 
of the evolution of the Animal Kingdom 
that we are justified in trying to reach 
even tentative conclusions. 

Clearly, it is on a balanke of all the evi- 
dence, whether old or new, that we should 
found our conclusions. In assessing the 
evidence two principles seem to me es- 
pecially important. First, the characters 
of an organism that on other grounds we 
believe to be primitive in its group are of 
more value than those of later-evolved or 
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more specialised animals; if change has 
been less in the general structure of an 
animal, it is likely to have been less in the 
particular part of the structure in which 
we are interested. Secondly, the more 
general a character is in a group the more 
likely it is to be primitive to the group. 
Nevertheless, that a character is absent 
from some of the members of a group does 
not necessarily mean that we should dis- 
credit it as a primitive character. Because 
urochordate development is largely mo- 
saic, we need not question that the chor- 
dates are primitively regulatory in their 
development; and the fact that in verte- 
brates the cavities of the coelome arise as 
splits in the mesoderm does not preclude 
the belief that the chordates are primi- 
tively enterocoelic. Secondary change in 
both these and many other cases has pre- 
sumably modified the primitive embry- 
ology. It is, in fact, true that very few 
rules in zoology are absolute; the animal 
well knows that rules are made to be 
broken. 

We must then strike a balance in our 
estimate of the evidence, which will often 
not be all on one side in the answers to 
our questions it suggests. In doing this it 
is essential that all the circumstances 
should be taken into account in as broad 
a survey as possible, and especially that 
we should never forget that the vast 
amount of change that has occurred since 
the evolution we are discussing is certain 
to have obscured the clear outlines of the 
evidence very often. 

It may seem unnecessary to insist at 
the start upon these elementary princi- 
ples of phylogenetic technique, but one 
so often finds them disregarded in discus- 
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sions of phylogeny that it is perhaps not 
a waste of space to restate them. How 
often has one read that because a charac- 
ter is not quite general in all the members 
of a group it should not be given any 
value as indicating the relationships of 
the group? The distribution of the char- 
acter is one factor determining its im- 
portance, but not the only one. It is the 
balance of all kinds of evidence that is 
important. 

With these preliminary remarks we 
may proceed to consider Prof. Hadzi’s 
scheme of animal phylogeny. 

The further back in evolution we go in 
our discussion the less concrete is the 
evidence and the more doubtful the con- 
clusions. Mainly for this reason, I do not 
wish to discuss Prof. Hadzi’s view that 
the Metazoa arose by internal division of 
a polyenergid protistan cell rather than 
from a protistan colony. It seems to me 
that there is much to be said on both sides 
of that question and, though to my mind 
the balance of evidence is in favour of 
Prof. Hadzi’s view, I doubt whether a 
definite decision is possible (Carter, 1940, 
chap. 6; Hadzi, 1944). Nor do I wish to 
discuss his theory of the turbellarian ori- 
gin of the Cnidaria. I have not the spe- 
cialised knowledge requisite for doing so; 
it must, I think, be left to the specialists 
in those two groups. It is his views of 
the later evolution of the phyla that I 
wish to discuss. 

Here, again, it should first be said that 
there are many points in Prof. Hadzi’s 
discussion with which most contemporary 
zoologists will agree. Not many nowadays 
accept Haeckel’s theory of recapitulation 
in its original form (which is one of the 
reasons why the colonial origin of the 
Metazoa is no longer thought incontest- 
able); animals are not now believed neces- 
sarily to have passed through blastaea 
and gastraea stages in their early evolu- 
tion. Again, many will agree that the 
ecology and habit of life of animals should 
be given almost as much weight as their 
structure in discussions of their evolution. 
Evolution takes place in the context of the 


animal’s life in its natural environment. 
It is a phenomenon in natural history, as 
Darwin well knew, and change in struc- 
ture is always associated with change in 
habit. 

Perhaps the most fundamental point in 
which Prof. Hadzi’s outlook seems hard 
to accept is his view that, so far as the 
data of comparative anatomy are con- 
cerned, a scheme of phylogeny should be 
founded mainly on the structure of the 
adult animals and much less on the facts 
of embryology. The life history of an 
animal is a unity, and even on this ground 
there seems no reason why the data given 
by any part of it should be discredited. 
But I should go much farther than that. 
It seems to me that there are good rea- 
sons for thinking the embryological data 
of more value in these discussions than 
those derived from later stages of the life 
history, this in spite of our agreement 
that the theory of recapitulation must be 
given up. For there can be no doubt that 
von Baer was right when he pointed out 
long ago that in related animals early 
stages of the life history are more alike 
than later stages. This is a very general 
fact of the comparative anatomy of the 
Animal Kingdom, and it can only mean 
that evolutionary change has been less in 
the early stages (except in special circum- 
stances such as the deposition of large 
quantities of yolk leading to meroblasty). 
If this is so, the early stages should tell 
us more of the phylogenetic relationships 
of animal groups. And this is still more 
true of very early stages such as those of 
segmentation where it is not likely that 
adaptation has largely modified structure. 

There is also no doubt that von Baer 
was right when he said that the larger 
the animal group we wish to compare, the 
earlier in the life histories we should look 
for resemblances between them. This, 
too, is a generally accepted fact of com- 
parative anatomy. Molluscs and annelids 
resemble each other in their trochophores, 
the classes of molluscs in their veligers, 
and the subdivisions of such a molluscan 
class as the gastropods in features of the 
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later embryology, such as torsion and its 
modifications. In each case the larger the 
groups the earlier in the embryology re- 
semblances between them are to be found. 

It seems then that (1) the embryologi- 
cal evidence should be regarded as of 
great value in discussion of phylogenetic 
problems, and (2) when we are discuss- 
ing the origins of large animal groups 
such as the invertebrate phyla, we should 
pay special attention to the earliest stages 
of the embryology. Recapitulation must 
be given up as a theory of evolution, but 
that is no reason to discard the embry- 
ological evidence. 

Before we discuss the details of Prof. 
Hadzi’s phylogenetic scheme, we have 
still to ask whether evidence of any other 
kinds besides those that he discusses can 
be found. Prof. Hadzi pictures the evolu- 
tion as a single-line descent with the vari- 
ous phyla diverging successively from this 
line. It is relevant to ask whether the re- 
sults of modern zoology support this con- 
ception. Can we find any evidence to in- 
dicate the type of phylogenetic tree that 
evolution is likely to have produced in 
these early stages of its course? 

Here there is evidence that Prof. Hadzi 
does not consider. Our knowledge of the 
plan of evolution, in those cases in which 
we know most about its course, seems 
relevant. In the evolution of the mam- 
mals and reptiles among the vertebrates, 
and also in that of such invertebrate 
groups as the insects and gastropods, all 
the evidence shows that the evolution 
took the form of radiation of a group as 
soon as it became successful along a num- 
ber of parallel lines each adaptive to a 
different minor environment and a differ- 
ent habit of life. We see these lines in 
the orders of the mammals and reptiles 
and in many orders of the insects. And 
this process of adaptive radiation was not 
confined to the beginning of the success- 
ful history of the group; radiation con- 
tinued so long as the group remained 
successful. Successive radiations are par- 
ticularly well seen in the phylogenetic 
tree of the vertebrates. 


While this radiation is proceeding, a 
new type of animal organization may 
evolve, which, if it later becomes suc- 
cessful, may itself radiate. One of the ra- 
diating lines, by much more fundamental 
evolutionary change than that usual in 
adaptive: radiation, gives rise to the new 
type. So the mammals arose from the 
synapsid reptiles, or the reptiles from the 
amphibians. 

Admittedly, these are examples of evo- 
lution at a very much later stage than the 
separation of the invertebrate phyla. But 
there is no evidence, so far as I know, that 
evolution has been anything but the same 
process throughout its course. To assume 
a course of a different type in the early 
stages seems gratuitous. 

Indeed, to call this assumption gratui- 
tous is to understate the position. For, 
when we compare the structure of the in- 
vertebrate phyla, provided we accept the 
value of the embryological evidence—for 
the adults are generally so different in 
structure, owing to later adaptation, that 
comparison between them is very diffi- 
cult—we find clear evidence that evolu- 
tion was even at that early date of this 
radiative type. 

The trochophore larva occurs in a large 
number of invertebrate phyla, and their 
common characters are very numerous. 
In the annelid and mollusc trochophores, 
where the resemblances are most detailed, 
they include the prototroch, apical sense- 
organ, ventral nervous system, mesoderm 
formed from the 4D cell, schizocoelic coe- 
lome, head kidney, etc.; and to them 
should be added the resemblances of still 
earlier development, spiral segmentation 
and mosaic development. Also, the resem- 
blances extend not only to the structure 
of the organs but also to their positions 
in the body. In fact, it is no exaggeration 
to say that the typical trochophores in 
these two groups are essentially identical 
in structure. 

It is surely clear that these very nu- 
merous similarities cannot all be due to 
parallel evolution. Nature does not re- 
peatedly evolve complicated structures in 
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exactly the same way, and certainly not 
numerous examples of such identity in a 
single body. 

Accepting these resemblances as indi- 
cating relationship, we must acknowledge 
that molluscs and annelids were evolved 
from an ancestral group that possessed a 
trochophore larva. And this conclusion 
must be extended to the other inver- 
tebrate phyla in which a trochophore 
occurs, the Ectoprocta, Endoprocta, Po- 
daxonia (Sipunculoidea), and others, for 
though the similarities between the troch- 
ophores of all these phyla are not so com- 
plete as those between the mollusc and 
annelid trochophores, they are still con- 
vincing. Perhaps, the Nemertinea and 
Platyhelminthes should also be included 
in this large group of phyla. 

When we examine the later develop- 
ment of these phyla, we find that each has 
a metamorphosis characteristic of the 
phylum and different from those of all the 
other phyla. Further, and this is impor- 
tant for our interpretation, we find that 
the organs developed in each type of met- 
amorphosis are adaptive to the typical 
habit of the phylum: the annelid develops 
a segmented body suitable for its form 
of locomotion, the mollusc a foot upon 
which it crawls, the sipunculid a ventral 
outgrowth that occupies its burrow. If we 
accept von Baer’s conclusions and inter- 
pret them in an evolutionary sense, these 
differences represent phylogeny at a 
later stage than that represented by the 
general occurrence of a trochophore in all 
these phyla. Surely, in the trochophores 
of these phyla and in the adaptations of 
their later development, we have clear 
evidence of an early radiation by which 
the ancestral group became divided into 
radiating lines, now represented by the 
phyla. These conclusions are confirmed 
when we examine the subdivisions of one 
of the major phyla—the molluscs, for ex- 
ample—for there we can see evidence for 
later radiations within the phylum. 

Comparison of the tornaria and bipin- 
naria gives similar evidence of adaptive 
radiation both in the similarities of their 


structure and in the adaptations in their 
later development to the habits of the 
chordates and echinoderms. 

We may then conclude that the early 
evolution of the Metazoa took the form of 
repeated radiations of successful groups 
alternating with evolution of new types 
of animal organisation. 

How far, and in what ways, does the 
conception of the early phylogeny of the 
invertebrates suggested by these consider- 
ations differ from Prof. Hadzi’s scheme? 
I do not propose to present a phylogenetic 
tree for comparison with his, for that 
would need more detailed discussion than 
is possible in a short paper, but some gen- 
eral comparison is possible. 

First, the facts we have discussed give 
strong support for division of the inverte- 
brates above the coelenterates into two 
primary groups, Protostomia and Deu- 
terostomia (or whatever else we decide to 
call them) characterised respectively by 
trochophore- and dipleurula-type larvae. 
These two types of larva show differences 
in many characters, such as spiral and 
radial segmentation, mosaic and radial de- 
velopment, schizocoelic and enterocoelic 
coelome, and the position of the ciliated 
band. It is true that some of these charac- 
ters are not absolutely distinctive of the 
two groups, but the distinctions are all 
generally true of the differentiation into 
these two groups, and if we are right in 
thinking that it is general characters 
rather than absolute differences that are 
to be expected, they make the differentia- 
tion into these groups at least extremely 
hard to dispute. 

We must then disagree with Prof. HadZi 
when he wishes to deny the reality of the 
distinction between the Protostomia and 
Deuterostomia. Whether all the inverte- 
brate phyla can be included in these 
two groups, or perhaps some—the Bra- 
chiopoda and Phoronidea, for example— 
should be separated as third or fourth 
groups, is a question that cannot be dis- 
cussed in this short paper. And whether 
the resemblances between the _ trocho- 
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phore and dipleurula, considerable in 
spite of the differences between them, in- 
dicate a still earlier radiation of a single 
metazoan group ancestral to all the in- 
vertebrate phyla, or should be put down 
to parallel evolution, is a question which, 
owing to the inconclusiveness of the evi- 
dence, it is hardly profitable to discuss. 
Secondly, our argument forces us to re- 
gard all the main phyla except the Arthro- 
poda as separated more or less simulta- 
neously in one or two radiations. These 
considerations certainly do not fit in with 
any single-line échelle des étres such as 
Prof. Hadzi proposes. We have to think 
of evolution as proceeding by multiple 
division of stocks in successive radiations. 
There are other criticisms of Prof. 
Hadzi’s scheme that seem worth making. 
His classification of the higher inverte- 
brate phyla is largely founded on the pres- 
ence or absence of metamerism, which he 
believes to have been evolved first at the 
stage of his Polymeria, to have been re- 
duced in the Oligomeria, and to have been 
again developed in the Chordonia. But is 
it likely that metamerism is a suitable 
character to be used as a basis for clas- 
sification? It has been suggested (e.g. 
Carter, 1940, p. 454) that metamerism is 
an adaptation to the type of locomotion 
by which the more primitive annelids and 
chordates swim, and that it has been 
evolved independently in these two 
groups. It is not hard to see why meta- 
meric division of the body should be adap- 
tive to this type of locomotion. If a wave 
of contraction is to pass down a more or 
less cylindrical body under the control of 
a central nervous system, lateral nerves 
are likely to arise in a series down the 
body, and the muscles are likely to be- 
come divided into blocks each under the 
control of one of these nerves. From this 
beginning metamerism of other organs 
would arise—the blood system supplying 
the muscles, the excretory system, and so 
on. It is a confirmation of this view that 
besides the two large phyla possessing 
this type of locomotion at least one other 
group that can swim in this way, the Ne- 


mertinea, shows some indications of me- 
tamerism. 

If it is at least possible, if not probable, 
that metamerism has arisen twice in the 
invertebrates, on each occasion as an 
adaptation to the same habit, it seems 
clear that its occurrence should not be 
used as a fundamental character in their 
classification: 

Further, the view that the segmenta- 
tion of the coelome in the echinoderms, 
chordates, and some of the groups of the 
“Oligomeria” represents a reduction of the 
metamerism of the ‘““Polymeria” seems at 
least questionable. It is true that in the 
chordates metamerism arises as a develop- 
ment from the segmentation of the coe- 
lome, and may perhaps be regarded as 
merely an extension of it. But this gives 
no evidence of the origin of the coelomic 
segments themselves. 

On the grounds here given, it seems to 
me that we should picture the early evo- 
lution of the animal phyla as following a 
very different course from that of Prof. 
Hadzi’s scheme. In my opinion we should 
conclude (1) that the invertebrate phyla 
arose, many more or less simultaneously, 
in the course of radiations of very early 
metazoan stocks, perhaps a single stock, 
perhaps two or more; to this statement 
the arthropods are an obvious exception, 
being a later derivative of the annelid 
phylum; and (2) that even if the ances- 
tral stock was single, the differentiation 
between the trochophore and the dipleu- 
rula was earlier than that of the phyla 
within the Protostomia and Deuterosto- 
mia. These are then natural groups with- 
in each of which the phyla are more 
closely related than they are to the phyla 
of the other group, and the classification 
of the invertebrates into these two pri- 
mary divisions is justified. If Prof. Hadzi 
is right in his views of the origin of the 
coelenterates, these forms also must be 
regarded as derivatives of the same early 
stock from which the Proto- and Deutero- 
stomia were derived; but that is a ques- 
tion that I am not able to discuss. 


(References on p. 173) 
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Fic. 1. Relative numbers of known species, living and fossil, of various animal phyla. 














The Relative Number of Living 
and Fossil Species of Animals 


SIEMON WM. MULLER and ALISON CAMPBELL 


HE accompanying chart (Fig. 1), 

showing the relative numbers of 
known species, living and fossil, of vari- 
ous animal phyla, was prepared to show 
in proper perspective the amount and 
kind of material on which the science of 
paleontology is based. 

Although this “pie-cut” diagram is es- 
sentially self-explanatory, it is perhaps de- 
sirable to emphasize the fact that within 
each sector or “pie-cut” the proportion 
(percentage) of fossil species is expressed 
by the relative size of the area and not 
by the radius of the arc which encloses 
the shaded area. These percentages were 
plotted by drawing an arc inside of the 
large sector by using the following simple 
formula: r=\ %%; which gives one the 
result expressed in tenths of the radius 
of the large circle. For example, in the 
case of Mammalia, where the known num- 
ber of species of fossils is estimated at 
about 50 percent, the shaded area is 
bounded by the are drawn with the radius 
of r=\/50, which is equal to a fraction 
more than 0.7 of the radius of the large 
circle. 

Thus the shaded area represents 50 per- 
cent of the entire sector or “pie-cut,” 
which extends from the center to the 
outermost edge of the main circle. The 
outer or the blank portion of the sector 
represents the number of known living 
species or the other 50 percent of the 
entire “pie-cut.” The total number of 
species, both living and fossil, is equal to 
the sum of the shaded and unshaded 
areas, which is the total area of the entire 
sector from the center of the circle to the 
outer edge of the large circle. 

This chart brings into sharp focus the 


paucity of paleontological information on 
many groups of existing animals whose 
geologic record remains dim on account of 
unfavorable conditions of entombment 
and preservation, arising chiefly from the 
lack of durable, solid skeletal parts capa- 
ble of withstanding normal processes of 
disintegration and decay. 

The showing of the record of the living 
and fossil species in a single diagram 
leads one to a fuller appreciation of the 
existence of common ground in the scien- 
tific work of paleontologists and neontolo- 
gists. The point hardly needs belaboring 
that an adequate grounding in systematic 
zoology should prove valuable to a student 
of paleontology, and that in a study of 
some groups of animals, which have abun- 
dant geologic records, a zoologist should 
deem it indispensable to familiarize him- 
self with the paleontological material in 
that particular group. 

Among other things, the diagram brings 
out in an almost startling manner the 
overwhelming predominance of insects, 
and particularly of beetles, over other 
major groups of living animals. One is 
almost tempted to question the propriet’ 
of the designation of our present time as 
“The Age of Man.” 

As indicated by the small list of refer- 
ences, the published sources of data on 
which this compilation is based are very 
few. To make up for this deficiency a 


number of workers in various fields of pa- 
leontology and zoology were approached 
for information regarding the groups of 
their special study. It is a pleasure at this 
time to acknowledge with thanks the 
courteous response to these inquiries. Es- 
pecially helpful comments were received 
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TABLE I 


PHYLA OF ANIMALS 


TOTAL NUMBER 


OF KNOWN 
SPECIES 
PINON, ical cuit wien a teehee aes 25,000 
*Porifera (incl. Archaeocyathida) . 4,000 
REN kv cwctayieu neces ame 9,000 
ek 6,000 
EE .ct a lat bags Ge oe cela 6,000 
Rey ree rere free 6,000 


Arthropoda 


*Insecta 760,000 


Giher ArthromoGs. 2. ..sccsccs 63,000 
IN ui cad wen ere race ad wk eRCere 73,000 
cS 5,000 
I I 5.) in n's witwe cane womens 6,000 
EE cc.ctuwcnueeeeaaae eoee. 58,000 
MI ic wea sa waca ame oie awe 7,250 


from Curt Dietz, G. F. Ferris, J. J. Gra- 
ham, Joseph T. Gregory, Myra Keen, 
M. W. de Laubenfels, George Myers, V. J. 
Okulitch, Alfred S. Romer, George G. 
Simpson, Hans Thalmann, Robert W. Wil- 
son, and others. 

As could have been anticipated, even a 
rough estimate could not be obtained for 
some groups of animals. For these the 
ratios shown on the diagram represent 
nothing more than a guess, and for this 
reason the present chart is offered only 
as a preliminary draft subject to correc- 
tions and other changes. It is hoped that 
even in its incomplete form the compila- 
tion may prove to be of sufficient interest 
to fellow systematists to induce them to 
offer their critical comments and to con- 
tribute what basic data they may have 
on hand toward the improvement of the 
diagram. 

It should be made clear that most of the 
data used in the construction of the chart 
were based on estimates, and in some 
cases on mere guesses; therefore the 
quantitative values read from the chart 
should be taken only as approximations. 
Furthermore, no attempt was made to 


NUMBER OF NUMBER OF 
KNOWN LIVING KNOWN FOSSIL 
SPECIES SPECIES 

%% %% 
16,250 65 8,750 35 
2,240 56 1,760 44 
4,500 50 4,500 50 
negligible 
negligible 
negligible 
753,920 99.2 6,080 0.8 
58,600 93 4,400 7 
41,610 57 31,390 43 
950 19 4,050 81 
3,000 50 3,000 50 
33,640 58 24,360 42 
3,552 49 3,698 51 


make the necessary adjustment for the 
number of species of fossils which are 
known to be living today. 

For convenience of reference and verifi- 
cation, the actual quantities plotted on the 
chart in round numbers are given in 
Table I. The phyla for which reasonable 
estimates were available are marked with 
an asterisk (*). 


REFERENCES 


Bates, M. 1950. The nature of natural his- 
tory. New York, Scribners. 

HANpD.irscH, A. 1906-1908. Die Fossilen In- 
sekten und die Phylogenie der Rezenten 
Formen. Leipzig. 

SaBrosky, C. W. 1953. An animal census for 
1958? Syst. Zool., 2:142-143. 

ScHILDER, F. A. 1949. Statistical notes on mal- 
acology. Proc. Malacol. Soc. Lond., 27:259- 
261. 

STAMMER, H.-J. 1950. Wieviele Tierarten gibt 
es und wieviele gab es? Naturwiss. Rund- 
schau, 3:344-349. 


SIEMON WM. MULLER is Professor of Ge- 
ology at Stanford University. (Mrs.) ALISON 
CAMPBELL is Prof. Muller’s assistant respon- 
sible for the drawings and other parts of this 
study. 











1e 
re 


le 
th 


In- 
en 


for 


lal- 
99- 


‘ibt 
nd- 


Ge- 
ON 
on- 
his 








A TAPEWORM’S NOMENCLATURE 





The Nomenclatural History of Giard’s Tapeworm, Thysaniezia Giardi 
(Moniez, 1879), Hudson, 1934 


It is of interest to record the nomenclatural 
history to date of this tapeworm of ruminants 
for the following reasons: 1) the frequent ap- 
pearance of the incorrect name of this para- 
site in various publications of recent years; 2) 
part of its synonymy is employed as an ex- 
ample in the International Rules of Zoological 
Nomenclature; 3) it is a parasite of ruminants 
in Europe (including Russia), Africa, and 
Australia, and may eventually be found in the 
United States; 4) this is the only cestode spe- 
cies of the Thysanosominae (Anoplocephali- 
dae) the life history of which is known, this 
being based on one unconfirmed report on its 
development in, and transmission by, oribatid 
mites by Potemkina (1944, Compt. Rend. 
(Doklady) Acad. Sci. U.S:S.R. 43:43-44). 

Stiles (1893, Centrlbl. Bakteriol. 13:457-465; 
1893, Bull. No. 4, B.A.I., U.S.D.A.; 1895, Vet. 
Mag. 2:217-220) in reviewing the synonymy of 
the tapeworm of ruminants, originally de- 
scribed by Rivolta (1878, Giorn. Anat. Path. 
Anim. 10:303-308) as Taenia ovilla, found this 
name was not available, but was preoccupied 
by Taenia ovilla Gmelin, 1790. The next avail- 
able name was Taenia giardi Moniez, 1879 
(named in honor of Dr. A. Giard), which 
Stiles (1893) revived from synonymy with 
Taenia ovilla Rivolta, 1878. Realizing this 
parasite was not a taenioid cestode, and not- 
ing its relationship to Thysanosoma actini- 
oides Diesing 1835, Stiles (1893) placed it in 
this genus, and its name became Thysanosoma 
giardi (Moniez, 1879) Stiles, 1893. All other 
names given to this parasite prior to Stiles’ 
paper of 1895 were placed in synonymy. Very 
likely because of the part played by Dr. Stiles 
in the writing of the International Rules of 
Zoological Nomenclature, the nomenclatural 
history of this parasite was employed in Ar- 
ticles 35 and 36 of the Rules as an example of 
homonyms and revival of rejected synonyms. 

The name of this parasite, as determined by 
Stiles (1893), was accepted and remained un- 
changed for over a quarter of a century until 
Skrjabin (1926, Trudy Gosudarstv. Inst. 
Eksper. Vet. 3:58-65) decided the tapeworm 
did not belong in the same genus with 7’. ac- 
tinioides, the fringed tapeworm of ruminants 
of North and South America, and created a 
new genus, Thysaniezia, for it, reviving at the 
same time the rejected trivial name, ovilla, of 
Rivolta (1878), and named it Thysaniezia 
ovilla (Rivolta, 1878), Skrjabin 1926. In 1927 
(Suppl. 10, Bull. Biol. France et Belg.) Baer 


decided independently, probably because of 
the inaccessibility of Skrjabin’s 1926 paper 
which was published in Russian, that this 
parasite was misplaced in the genus Thysano- 
soma, and named it Helictometra giardi 
(Moniez, 1879), Baer 1927. In this instance 
Baer employed the correct trivial name, but 
his new genus must be rejected because of 
prior publication of Skrjabin’s new genus for 
the same parasite. After publication of Baer’s 
(1927) monograph in which his new genus 
was first proposed, Skrjabin (1933, Bull. Soc. 
Zool. France 58:84-86) again insisted, this 
time in French, that Thysaniezia ovilla was 
the correct name. Both authors apparently 
were justified zoologically in creating a new 
genus for Giard’s tapeworm. However, Baer’s 
name for this parasite, Helictometra giardi, 
was generally accepted and commonly used 
throughout the world (as recently as 1952, 
Wardle and McLeod, The Zoology of Tape- 
worms, Univ. of Minn. Press, Minneapolis), 
except in Russia where Thysaniezia ovilla 
was employed. To the writer’s knowledge, it 
was not until 1934 that the correct combina- 
tion of generic and trivial names of this para- 
site was made, when Hudson (J. East Afr. & 
Uganda Nat. Hist. Soc., Nos. 49-50, p. 211), 
gave it the name of Thysaniezia giardi 
(Moniez, 1879). The correct name has ap- 
peared in two other publications, that of 
Lopes-Neyra (1944, Rev. Iber. Parasitol. 
4(138-198) and Kates and Runkel (1948, Proc. 
Helminthol. Soc. Wash. 15:10, 19-33). Fol- 
lowing is a chronological list of the synonyms 
of this cestode. 

Thysaniezia giardi (Moniez, 1879), Hudson, 
1934 

Synonymy 

Taenia ovilla Rivolta, 1878 (nec Gmelin, 
1790) 

Taenia giardi Moniez, 1879 

Taenia aculeata Perroncito, 1882 

Moniezia ovilla (Rivolta), Moniez, 1891 

Moniezia ovilla var. macilenta Moniez, 1891 

Thysanosoma giardi (Modniez), Stiles, 1893 

Thysanosoma ovilla (Rivolta), Raillet, 1893 

Taenia brandti Kholodkovskii, 1894 

Thysaniezia ovilla (Rivolta), Skrjabin, 1926 

Helictometra giardi (Moniez), Baer, 1927 


K. C. Kates 
ADP Branch, ARC 
Beltsville, Md. 








“Copenhagen Decisions on 
Zoological Nomenclature” 


COPENHAGEN DECISIONS ON ZOO- 
LOGICAL NOMENCLATURE. Addi- 
tions to, and Modifications of, the Régles 
Internationales de la Nomenclature Zoo- 
logique. Approved and adopted by the 
Fourteenth International Congress of 
Zoology, Copenhagen, August 1953. Ed- 
ited by Francis Hemming. Published 
by the International Trust for Zoolog- 
ical Nomenclature, 41 Queen’s Gate, 
London, S. W. 7, England. 1953. xxix 
+135 pp., 2 plates. $0.75. 


ITH the assistance of a generous 

subsidy, the International Trust has 
been enabled to offer for sale at the 
remarkably low price of 75 cents per 
copy this official report of the recent 
amendments approved by the Fourteenth 
International Congress of Zoology for in- 
corporation in the International Rules 
of Zoological Nomenclature. Pending ap- 
proval of the official text of the revised 
rules, zoologists are advised to guide 
themselves by the nomenclatorial provi- 
sions set forth in this report. Brief men- 
tion of some of these provisions will dem- 
onstrate the importance to the zoologist 
of consulting this work. 

Concise terms now recognized include 
“taxon” (plural, “taxa”) for a taxonomic 
unit of any rank, “binomen” for the bi- 
nominal combination of generic and spe- 
cific names, and “trinomen” for the tri- 
nominal combination of generic, specific, 
and subspecific names. In keeping with 
an announced desire for brevity, the ex- 
pression “nominate” supersedes the cum- 
bersome “nominotypical” as _ signifying 
the subgenus that includes the type spe- 
cies of its genus, and the subspecies that 


W. I. FOLLETT 


is based on the same type specimen as 
its species. Restored to recognized usage 
is the expression “specific name,” in the 
sense of the name that distinguishes a 
species from all others of its genus. 

A principle of conservation (sometimes 
called “prescription”’) is approved, for the 
purpose of avoiding replacement of a 
name in common use by a long-unnoticed 
senior synonym. 

Neotypes now constitute a recognized 
category of type specimen, and explicit 
rules govern their designation. 

Confusing lacunae in the former provi- 
sions relating to names of the family 
group of categories have been filled. 

Augmented rules for the emendation of 
generic and specific names are correlated 
with provisions regulating the original 
formation of such names. 

At long last, the zoologist is provided 
with a set of rules, illustrated by exam- 
ples, for determining the gender of a ge- 
neric name, in order that a specific name 
associated with it may be written with 
the appropriate adjectival termination. 

In response to an insistent demand, the 
rule of the first reviser, in effect for more 
than forty years, has been reinstated, and 
is now accompanied by express definition 
of its requirements. 

A new principle permits an author to 
publish a notice in the Bulletin of Zoologi- 
cal Nomenclature, proposing a certain ac- 
tion (such as the suppression of a name), 
on grounds explicitly stated in that notice. 
Immediately upon such publication, the 
action so proposed is to become provision- 
ally effective, but is to remain subject to 
challenge by any zoologist during a period 
specified in that notice (for example, two 
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years). If no challenge is lodged with the 
Secretary to the International Commis- 
sion on Zoological Nomenclature during 
the specified period, the action so pro- 
posed thereupon becomes fully effective. 
If such a challenge is lodged within the 
period specified, the case is thereby re- 
ferred to the International Commission 
for decision. Some of the problems to 
which this principle applies are departure 
from priority in the naming of a family; 
retention of an emendation in general use 
but not valid under the revised rules; 
designation of a neotype; validation of a 
neotype established before the enactment 
of rules recognizing neotypes; and sup- 
pression of a nomen dubium. 

Among the closing chapters is an expla- 
nation of the procedure by which the text 
of the revised rules is to be drafted by 
Prof. J. Chester Bradley, and is thereafter 


to be submitted to the zoologists of the 
world, for their criticisms and sugges- 
tions, after which the official text is finally 
to be approved by the International Com- 
mission on Zoological Nomenclature. 

Those who were dismayed by the ver- 
bosity of the nomenclatorial enactments 
of the 1948 Paris Congress will note with 
satisfaction the concise presentation of 
the present work, and will derive further 
encouragement from its opening state- 
ment to the effect that brevity and clarity 
are urgent desiderata in the revised rules. 

It would seem obvious that a copy of 
this inexpensive book is a necessary tool 
for every zoologist who may attempt seri- 
ous work in taxonomy. 

W. I. FOLLETT is Curator of Fishes at the 
California Academy of Sciences, San Fran- 
cisco. 


The Superspecies 


(Concluded from p. 146) 
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Points of View 





The Case against the Trinomen 


A recent critique of the subspecies cate- 
gory (Wilson and Brown, 1953, SysTEM- 
ATIC ZooLocy, Vol. 2, p. 97) seems to have 
stirred some interest just at a time when 
the concept was beginning to come under 
the scrutiny of an increasing number of 
dissatisfied taxonomists. In fact, as the 
authors of that paper, we were surprised 
to find that we were merely expressing 
the convictions already held by many fel- 
low systematists working in the most di- 
verse animal groups. 

Since our paper appeared, several ar- 
ticles on the nature of the subspecies and 
on related problems have appeared in 
SYSTEMATIC ZooLocy. We have also had 
the opportunity to discuss the subject di- 
rectly with many specialists vitally inter- 
ested in it. Some of these agree with our 
1953 suggestion that the trinomen has 
about reached the end of whatever use- 
fulness it ever had; others want to retain 
the nomenclatorial trappings, with or 
without the “objective subspecies” as a 
base. It is our purpose here to answer 
some objections to our thesis, to consider 
divergent views, and to present the rea- 
sons why we consider the case against the 
trinomen to be more strongly cemented 
than ever (see articles by J. G. Edwards 
and by E. Mayr, both in Systematic Zo- 
oLocy, Vol. 3, 1954). 

J. G. Edwards (p. 1) comments at 
length on problems of infraspecific classi- 
fication. In some ways, he seems to lean 
toward the vogue, especially popular in 
Russia earlier in this century, dictating 
that there are several fundamentally dif- 
ferent kinds of infraspecific populations 
calling for categorical distinction. Ed- 
wards eschews the extremes of the no- 
menclatorial subdivision practiced by this 


school, but he is prey to similar basic con- 
fusion. His article is almost completely a 
philosophical exercise, and the extent to 
which it departs from reality may be 
gauged by the extreme scarcity of rele- 
vant natural examples he chooses to cite 
in support of his argument. This article is 
notable chiefly because of the detailed ex- 
position of his conception of the subspe- 
cies as a definite and definable entity. In 
some liberally italicized passages, strongly 
epistemological in flavor, the author pur- 
sues the point that human opinion cannot 
alter natural systematic truth, “. . . once 
we have laid down definite requirements 
to be fulfilled by the populations compris- 
ing each category.” Edwards defines sub- 
species as “. . . natural, obviously differ- 
ent populations, the members of which 
would cross-breed rather freely if they oc- 
curred sympatrically and synchronically 
under natural conditions, but which are 
distinctly separated during their mating 
periods.” Unfortunately, in making this 
proposal, Edwards ignores the central 
argument against the objective subspe- 
cies: (1) the apparent universality of 
non-concordance in geographic variation, 
and (2) the extreme difficulty and arbi- 
trariness inherent in the delimitation of 
populations in terms of real or presumed 
geographic discontinuities. This problem 
simply cannot be skirted any longer by 
would-be definers of infraspecific cate- 
gories. 

Edwards admits three different kinds of 
basic subspecies: the geographic, the tem- 
poral or allochronic, and the ecological; 
all are assumed by him to be restrained 
from interbreeding by extrinsic factors 
alone. It becomes clear that our author is 
in some confusion as to the difference be- 
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tween “extrinsic” and “intrinsic.” While 
we can conceive of geographic isolation 
without intrinsic differentiation, surely 
we cannot let him continue to speak of 
sympatric but temporally or ecologically 
isolated populations as based on “extrin- 
sic” influences! It is indeed unfortunate 
that this particular subject has to be be- 
labored further after the thorough and 
lucid treatments readily available in the 
standard works on speciation by Mayr 
and others. 

Edwards wades deeper into confusion 
with the statement that “. . . it is usually 
possible to theorize correctly as to the 
degree of reproductive isolation existing 
between members of two respective popu- 
lations which are completely allopatric, 
by observing the physical and etholog- 
ical differences between them.” There is 
no evidence to support such an extreme 
contention. For a striking example il- 
luminating the possibilities of misjudge- 
ment on this basis, see J. A. Moore’s re- 
cent work (1954, American Naturalist, 
Vol. 88, p. 65) on the “races” of Hyla 
aurea and Crinia signifera frogs in Aus- 
tralia. Moore found strong reproductive 
incompatibility operating on the progeny 
of crosses between isolated eastern and 
western populations of these frogs, al- 
though the observable differences of a 
conventional kind between the popula- 
tions appear to be either absent or of a 
very low grade. Many authors, including 
ourselves, have suggested use of some 
kind of ‘species standard’ method in 
judging whether allopatric populations 
are to be considered as belonging to the 
same or different species, but it is im- 
portant to emphasize again that we con- 
sider such use of the method only as an 
arbitrary device of convenience, and not 
as any indicator of “true condition.” 

Mayr (p. 86) presents the views of the 
school which defends the nomenclatorial 
subspecies on the conventional, now al- 
most the traditional, basis of the polytypic 
species. The very word “polytypic’” im- 
plies a division into more or less concrete 
subordinate units, and whether these 


units be subjective or objective in essence, 
the widespread tendency to treat them 
and discuss them as real and naturally 
defined entities is rarely resisted in actual 
practice. The subspecies as conceived by 
adherents of polytypy is nothing more 
than a typological vestige, a downward 
philosophical projection of the divisions 
expressed in the classification of species, 
genera and higher taxa. The subspecies 
thus represents the last firm tie upon sys- 
tematics of the typological thread running 
so strongly through classical European 
science and philosophy. 

Although Professor Mayr is generally 

outspoken in his opposition to typological 
thinking in systematics, we nevertheless 
find a strongly suggestive note in the fol- 
lowing quotation from his critique of our 
views on subspecies: 
I feel that [elimination of the category sub- 
species] would be a mistake because the criti- 
cism raised against subspecies is valid for any 
taxon which is composed of groups of sub- 
ordinate taxa (such as the subspecies is of 
local populations). Should we, for instance, 
throw out the genus, because admittedly we 
now recognize polyphyletic genera in many 
groups of animals? Should we get rid of the 
genus because many genera are ill-defined 
and grade almost insensibly into neighboring 
genera? 

In answer to this argument, we must 
begin by emphasizing a fundamental fact: 
the genus and higher categories are aggre- 
gations of the genetically isolated and ob- 
jectively definable units we know as spe- 
cies. An hierarchical unit such as a genus, 
no matter what its basis insofar as objec- 
tivity of grouping or of limits is con- 
cerned, is ultimately composed of these 
discrete, cognate, and therefore naturally 
classifiable base units. Now, the “local 
populations” Mayr refers to as taxa sub- 
ordinate to the subspecies do not possess 
these qualities of the species. 

Mayr admits that the subspecies is 

. a purely subjective category,” but 
when he adds, “even though there are 
many cases in which there is no difficulty 
about defining a given subspecies,” he 
seems to be introducing a note of contra- 
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diction. Of course, a given “purely sub- 
jective” subspecies can, by definition, be 
arbitrary without limit, so there is no 
reason to expect difficulty in defining it. 
The genus and the subspecies can no more 
be logically compared than can the units 
of which they are held to be composed. 

The polyphyletic and the poorly delim- 
ited, intergradient genera which for Mayr 
blur the sharpness of the generic category 
are unquestionably on the books. But it 
should also be understood that a great 
many other genera are monophyletic so 
far as can be determined, are stable tax- 
onomically, and are easily distinguished 
one from another, suggesting a certain ob- 
jective reality for the category where 
lumping and splitting for “convenience” 
or by individual crotchet have been 
avoided by the responsible taxonomists. 
It is possible, once we learn to recognize 
consistently the significance of continuity, 
discontinuity, and concordance of the 
characters observed through groups of 
species, that individual adjustments fitted 
to each irregular case may eventually 
provide a generic category at once prac- 
tical and approximately objective, and 
therefore passably standard and stable 
throughout all animal groups. 

By contrast, the subspecies offers no 
such hope of correctability. The facts of 
character discordance and polytopy, the 
manifold divisibility of populations, and 
the lack of objective criteria for categories 
below species rank have been dealt with 
in our longer paper. The experience of 
the past year has strengthened our opin- 
ion that any particular subspecies pattern 
is determined arbitrarily by the individ- 
ual taxonomist’s choice of characters, and 
any trinomen employed is fitted uncom- 
fortably to a minority of the geographi- 
cally variable characters. We have seen 
that when a taxonomist follows the con- 
ventional method of analyzing geographic 
variation by selecting a set of prominent 
characters and using them to delimit the 
“subspecies patterns,” he will learn only 
how those characters by themselves be- 
have. When he uses a combination of 
characters to arrive at an impression of 


“subspecies ranges” and “intergrade 
zones,” he is giving us his own opinion of 
the best synthesis based on degree of con- 
cordance, and if his treatment is standard, 
he withholds most of the information on 
which he has based the synthesis. His 
treatment usually stops at that point. We 
are left with the assumption that the spe- 
cies involved contains discrete subspecies 
that are potentially incipient species, and 
we must accept as an article of faith that 
the author has successfully performed the 
task of discovering characters by which 
those subspecies can best be delimited. 
There is only an occasional hint that the 
genetically independent characters vary 
discordantly; the author seems to dismiss 
this phenomenon as a kind of optic aber- 
ration on his distribution maps, and the 
fuzzy bands produced are pressed into 
service as intergrade zones. 

Any set of trinomens is a special case; 
it cannot be used to predict the behavior 
of unstudied characters. Neither the tax- 
onomist nor the biologist not primarily in- 
terested in taxonomy is given any assur- 
ance that the properties he plans to study 
will conform to the subspecies devised by 
the specialist. The conventional trino- 
mens available for his use are therefore at 
best irrelevant and at worst misleading. 
We would do better to have before us a 
picture of variation trends of individual 
characters within the whole species, un- 
complicated by latinized names, and ac- 
companied by some evaluation of the 
degree and possible significance of any 
concordance that may appear. 

Does the subspecies really have any use 
beyond the realm of purely ornamental 
taxonomy? If there were any compelling 
pragmatic reason to conserve it as an 
hierarchical, formally named category, we 
should hasten to agree that it might be 
worth preserving or devising anew some 
artifice for the purpose. Frankly, we can 
think of no such reason. 


W. L. Brown, Jr. and E. O. WILson 
Museum of Comparative Zoology 
Harvard University 
Cambridge, Mass. 
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The Open Season on Taxonomists 


The taxonomist has been accused of 
many sins, and he has probably been 
guilty of them all. On occasion he has 
failed to make use of biological facts dis- 
covered by other biologists, he has al- 
lowed himself to indulge in unwarranted 
splitting or lumping of species and gen- 
era, he has indulged in searches for error 
rather than for truth, and he has failed 
to present his studies in a manner usable 
by others. These and other crimes have 
been committed, but they are not typical 
of taxonomy. 

Traditionally the taxonomist is con- 
stantly trying to avoid these pitfalls. He 
studies the biological theories and data of 
evolution, genetics, comparative anatomy, 
ecology, and distribution, and tries to ap- 
ply them to his material. In this he is 
hampered by the fact that many details 
of these fields are not yet settled, are mat- 
ters of opinion, or are at times changed by 
new discoveries. 

He attempts to fix for himself realistic 
definitions of species and genus and use 
them consistently in his studies, but he is 
hampered by the fact that the nature of 
these categories is not agreed upon by 
biologists, and conceptions change from 
time to time. 

He believes it to be his duty as a scien- 
tist to correct previous errors when he 
finds them. Ina partly historical field like 
taxonomy past work is often of more im- 
portance than in some other fields of bi- 
ology, and thus a larger number of errors 
are likely to be encountered. These errors 
will eventually have to be corrected, and 
most taxonomists therefore feel that the 
sooner the better. Every error corrected 
now is one that will not have to be cor- 
rected later. Workers in non-historical 
fields, where only the most recent work is 
of much importance, often fail to realize 
the vast extent of literature that the tax- 
onomist must encompass. Of three recent 
works by the writer, one involved the 
close study of parts of 450 older publica- 
tions; another required line-by-line exami- 


nation of several thousand publications 
and the recording of facts from 1400 of 
them; still another involved a bibliog- 
raphy of over 9000 titles. The discovery of 
errors in these large amounts of literature 
is inevitable, and the correction of the 
errors is inescapable in a sound taxonomy. 

Most taxonomists believe that taxo- 
nomic work is so technical and specialized 
that it cannot be used by non-taxonomists. 
Accordingly they make no attempt to 
write for anyone but other specialists. 
There is much justification for this feel- 
ing in the inadequate identifications and 
lack of understanding on the part of in- 
experienced persons dealing with taxo- 
nomic matters. Moreover it is often forgot- 
ten by other biologists that taxonomists 
are usually working at taxonomy only in 
their spare time, having other duties by 
which they make a living. They are less 
likely to feel a direct responsibility to 
other scientists. 

These same criticisms can be leveled at 
most other branches of science. As sci- 
ence progresses and knowledge increases, 
conclusions change. We have seen many 
changes in ideas about evolution; there is 
much controversy today about certain 
large concepts of geographic distribution; 
there is still uncertainty about the nature 
of heredity, homology, parallelism, con- 
vergence, and adaptation. The taxonomist 
expects to see these concepts change as 
knowledge of them increases, and he ezx- 
pects to have the increases in knowledge 
in his own field produce changes in classi- 
fication and names without drawing criti- 
cism from other biologists. 

At the same time it would be foolish to 
claim that taxonomists have been blame- 
less in the rise of these criticisms. Too 
often names of organisms used by biolo- 
gists in other fields have been changed 
needlessly through inadequate, prema- 
ture, or ill-advised study. Most prac- 
tising taxonomists deal with thousands of 
names. They come to feel that no real 
harm will result from studying the names 
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separately from the species themselves, 
or from any changes which they feel the 
facts require. In this way one worker 
may change the name of a certain species 
because he finds the other name is preoc- 
cupied (a nomenclatural change). Later 
on another worker may find that the spe- 
cies is the same as one previously called 
something else, and he therefore switches 
to the older name (a zoological change). 
Still later someone may discover that the 
species really does not belong in that 
genus but in some other one and therefore 
changes the generic name (another zo- 
ological change). If, after all this, it is 
then found that the specific name is pre- 
occupied under the new generic name, it 
must now be changed again (another no- 
menclatural change). 

No one will be particularly injured by 
all this if the species happens to be one of 
the large majority that are known only to 
the specialist. But if it is the name of 
a commercial or laboratory animal, or one 
encountered in the studies of other biolo- 
gists, the non-taxonomist user of the name 
is sure to feel that he has been cheated 
by the taxonomist; and in fact he has. 

It appears, however, that non-taxono- 
mists all too frequently assume that all 
changes of names are the result of whim 
on the part of the taxonomist, that they 
result from his desire to change names for 
the thrill of it or for some fancied honor 
attached thereto. This is a major misap- 
prehension on the part of non-taxono- 
mists, for it can readily be shown that 
most changes are unavoidable by any 
means and that most of the rest are neces- 
sitated by increased knowledge. Further- 
more no modern taxonomist worth his salt 
expects to be honored for changing a 
name or naming a new species. He be- 
comes responsible for the accuracy of the 
decision. Any honor derives from later 
verification that the work is sound. 

It is possible to group all name changes 
in three categories, thus: (1) changes 
necessitated by recognition of zoological 
facts (unavoidable if we are to have dis- 
tinctive names for each kind of organ- 


ism); (2) changes brought about by oper- 
ation of the arbitrary procedures agreed 
upon to stabilize names (such as changes 
due to priority); and (3) changes caused 
by inexpert, ignorant, or malicious actions 
of persons posing as taxonomists but hav- 
ing more or less selfish purposes other 
than the increase of knowledge. Exam- 
ples of the last group may be difficult to 
identify, but they do occur; these are the 
cause of much of the criticism directed at 
taxonomists in general—almost the only 
justified criticism. 

In the second category the changes re- 
sult from changes in procedures between 
the time of one publication and another 
(i.e., adoption of new rules) or from fail- 
ure of a worker to follow the procedures 
in force. Any set of rules will force cer- 
tain name changes; changing the rules al- 
ways results in additional changes of 
names, as well as the saving of others. If 
there were enough taxonomists to find out 
all the facts of taxonomy before the rules 
are changed, many difficulties would be 
eliminated, but with more than a million 
species to deal with, taxonomists have 
scarcely begun the task of recording the 
data. 

The first category consists of changes 
that are not avoidable at all unless we are 
willing to give up all increase in knowl- 
edge of classification, relationships, dis- 
tribution, and identity of species. Where 
then are these changes which could be 
avoided and which lead to the criticism 
cited? 

From the point of view of the man us- 
ing a name for a given animal, a change 
in the name by which it may be currently 
known can be produced (under our pres- 
ent rules) by any of the following: 


A. In the specific name 


(1) Discovery that the same trivial 
name had earlier been given to a different 
species (for simplicity, let us assume a 
case of primary homonymy still existing). 

(2) Discovery that the species has an 
older name: 
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(a) through uniting with it an- 
other nominal species (synonym) with an 
older name, or 

(6) through recognition of a previ- 
ously unaccepted synonym, or 

(c) through placing in it a subspe- 
cies or variety of older date, or 

(d) through correction of publica- 
tion dates. 

(3) Subdivision of the species. 

(4) Discovery that the original spe- 
cies has been misunderstood by later 
authors, a different species being cur- 
rently designated by that name. 

(5) Discovery that the supposed orig- 
inal publication is technically invalid and 
therefore a later name is the correct one. 

(6) Discovery that the name was in- 
correctly formed originally and must be 
emended. 

(7) Discovery that the original name 
has been misspelled by later authors. 


B. In the generic name 


(8) Discovery that the same name 
(spelling) had previously been used for 
some other genus (homonymy). 

(9) Discovery of an earlier generic 
name for the same species (priority): 

(a) because another genus with an 
older name is found to be zoologically the 
same, or 

(b) because a subgenus of older 
name has been transferred from some 
other genus, or 

(c) because a supposedly invalid 
older synonym is found to be valid, or 

(d) through correction of dates. 

(10) Subdividing the genus into two 
or more genera. 

(11) Elevation of a subgenus to the 
status of genus. 

(12) Changing a supposed genus to 
the rank of subgenus or synonym. 

(13) Discovery that the wrong spe- 
cies has been accepted as genotype, and 
that that species is not congeneric with 
the true genotype. 

(14) Discovery that the original pub- 
lication was invalid and that therefore a 
later name is the correct one. 


(15) Discovery that the name was in- 
correctly formed originally and must be 
emended. 

(16) Discovery that the _ original 
name has been misspelled by later au- 
thors. 


C. In the name of the author 


(17) Discovery that the accepted au- 
thor of the name is not the one who first 
validated it. 

This is not an exhaustive list of the 
causes of name changes but includes the 
common ones. If stability of names is 
considered the most important aspect of 
taxonomy, then most of these causes can 
be made inoperative by changing the 
rules. Numbers 1, 3, 8, 10, 11, and 12 
cannot be so eliminated; they persist as 
causes of changes under any system we 
are likely to consider—any system that 
does not stifle increase of knowledge. 

However, the number of causes is no 
gauge of the number of cases. It is possi- 
ble that most changes result from one or 
two of the causes, making the others rela- 
tively unimportant. There have been 
very few tabulations from which we may 
judge what causes predominate. Non- 
taxonomists seem to believe that most 
changes are caused by the rules, and 
many taxonomists think that a majority 
of the changes are unavoidable. 

In one family of animals there has re- 
cently been a study of all the generic 
names and also a study of the species of 
one part of the world. About 2500 generic 
names were studied in the one; about 500 
species in the other. In the case of the 
generic names there were about 150 
changes necessitated by the facts brought 
out—almost entirely nomenclatural facts, 
since the zoological status of the names 
was not directly studied. In the case of 
the species over 200 changes were neces- 
sitated by the revisionary study. 

According to the above definition of 
changes that are unavoidable, 65 percent 
of the generic changes would have been 
necessary under any system of rules. 
Only 25 percent of the listed changes 





180 





SYSTEMATIC ZOOLOGY 





could be prevented by any change in the 
rules. However, even in some of the latter 
cases, a change of one name from current 
usage (in which both names are em- 
ployed) would result from any possible 
rule. 

In the case of the species, exactly 50 
percent of the changes were due to syn- 
onymy, the sinking of names as syno- 
nyms. This cannot be avoided by rule, 
since it is merely recognition of fact. In 
addition 25 percent more are in the cate- 
gory of unavoidable changes, bringing the 
total to 75 percent. 

If the generic name study had included 
examination of the zoological status of the 
names, instead of just their nomenclatural 
status, bringing out new subjective syn- 
onymy, the percentage of unavoidable 
changes would doubtless have been much 
greater. The specific name study covered 
an area in which half the species were 
still undescribed. Had it been in a well- 
known area, the percentage of subjective 
synonyms might well have been even 
larger. 

That these estimates, that more than 75 
percent of name changes are unavoidable 
no matter what we do with the rules, are 
representative and can be duplicated in 
many other fields is substantiated by 
available estimates of other zoologists. 
This large majority should give pause to 
any zoologist who is tempted to damn the 
taxonomists because they change so many 
names. There can be no possible justifica- 
tion for so sweeping and general a criti- 
cism. But non-taxonomists are seldom 
concerned over the quantity of changes 
but rather over certain changes. And the 
cases that annoy them sometimes involve 
avoidable changes. 

It is here that taxonomists fail to realize 
their responsibility to biology in general. 
Changes in names of species used by non- 
taxonomists in other sciences, in com- 
merce, or in everyday life should be made 
only after exhaustive investigation has 
substantiated two facts: first, that the 
change is necessary; and second, that no 
other change will be required by foresee- 


able studies on other aspects of the spe- 
cies. For example, in the work on generic 
names alluded to above, a subgeneric 
name found to be preoccupied was re- 
named. No investigation was made to de- 
termine whether the group of species in- 
volved really constituted a subgenus or 
not. If it is later found out that it does 
not, then the subgenus falls and its name 
becomes a synonym of something else. 
The new name would then have been 
unnecessary. If this had been an animal 
dealt with by other biologists or laymen, 
such halfway treatment would have been 
very undesirable. In the present case it 
can at most inconvenience a mere handful 
of specialists. Too many taxonomists for- 
get to distinguish between the cases that 
will cause non-taxonomic difficulties and 
those that will not. 

Taxonomists thus should be very care- 
ful in making changes in the names of 
species affecting non-taxonomists. All 
phases of the applicability of the name 
should be thoroughly investigated. It 
may be well to recall that these include at 
least the following: 

(1) specific synonymy, whether the 
species is the same as any other known 
species; 

(2) specific homonymy, whether the 
name has been given to any other species 
(according to whatever rules are then in 
effect); 

(3) generic assignment, whether the 
species is correctly assigned to the genus; 

(4) generic synonymy, whether the 
oldest available name is being applied to 
the genus and there are no undetected 
synonyms; 

(5) generic homonymy, whether the 
name used for the genus is available, be- 
cause of possible prior use for some other 
genus; 

(6) publication, that the supposed orig- 
inal publication of the trivial name was 
valid and was actually the first such publi- 
cation; 

(7) spelling, that it is correctly spelled 
according to the current rules; 


ot ee ee 








POINTS OF VIEW 


181 





(8) identification, that the specimens 
currently at hand are actually conspecific 
with the original ones, and not merely 
the same as those of some intermediate 
worker who may have been misidentify- 
ing his; 

(9) homogeneity, whether the species 
as now understood is actually one species 
or should be divided into more than one; 
and 

(10) status of genus, whether the ge- 
nus really is a distinct genus or merely a 
synonym or subgenus of some other 
genus. 

If all these factors are checked, so far 
as is possible, before any much-used name 
is changed, there will be fewer opportuni- 
ties for other scientists to feel that taxono- 
mists are heedless of the general scientific 


welfare, or that they are merely playing 
games among themselves. It may then 
be possible to see in true perspective 
the tremendous size and complexity of the 
field of taxonomy and its true position as 
an indispensable part of biology. 

It should be apparent that there have 
been unjustified acts on the part of both 
the taxonomists and their critics. With 
more understanding on both sides of the 
argument of name changing, with more 
patience and appreciation of the other 
man’s problems, taxonomists and _ re- 
searchers in the other biological fields 
will be able to live more happily together 
and progress much faster toward solution 
of the riddles of life. 


RICHARD E. BLACKWELDER 
Washington, D. C. 


Unprecedented for Zoologists 


Zoologists in general, but especially sys- 
tematists, may be interested in certain 
recent experiences of mine. Some of the 
largest and most prosperous corporations 
of America wanted me to identify mate- 
rial for them, and this led to correspond- 
ence. 

My family had had occasion to obtain 
identifications from that sort of biologist 
who signs himself “M.D.,” and we re- 
ceived a bill for “professional services 
rendered.” 

Therefore, to one of these wealthy cor- 
porations I suggested such a bill. Two in- 
teresting results followed. One: the cor- 
poration (and another in a similar situa- 
tion) paid me, quite liberally. Two: they 
expressed great astonishment at this “un- 
precedented” arrangement. 

May we not suitably make it become 
precedented? This concerns only deal- 
ings with profit-making corporations or 
individuals, not identifications made for 
public museums or educational institu- 
tions. 

Dr. Waldo Schmitt pointed out to me 
two problems which warrant attention. 


One was that the profit-making concern 
might camouflage its request by having a 
worthy private individual make it. This 
doesn’t seem imminent to me; truly 
worthy persons would be reluctant to abet 
such trickery. The other is a serious prob- 
lem, namely, competition. 

If one systematist required a stipend 
for his services, the profit-making concern 
might merely therefore turn to a more 
compliant zoologist. 

This possibility reveals the need for 
precedent. Compulsion for taxonomists in 
such matters is both impossible and ut- 
terly repugnant. What will help is a gen- 
eral attitude that it is right and proper 
that we, like lawyers and physicians, are 
worthy of professional standing and con- 
sideration. 

Precedent, widespread and firm prece- 
dent, appears to be called for. My ex- 
perience indicates that pleasant results 
follow. 


M. W. DELAUBENFELS 
Oregon State College 
Corvallis, Ore. 
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Editor, 
SYSTEMATIC ZOOLOGY: 


This letter is prompted by reading Dr. 
J. Frances Allen’s article on “Stability in 
Taxonomy” in the September number of 
SysTeMATIC ZooLocy (pp. 140-142). After 
a discussion of the nomenclatural history 
of the scientific names of several marine 
mollusks, Dr. Allen concludes that, “From 
this discussion, it becomes apparent that 
the common names of animals are more 
stable in time than are the scientific 
names.” I doubt very much if the cita- 
tion of three or four cases warrants such 
a sweeping conclusion. Perhaps if the 
qualifying word “some” had been inserted 
in the sentence I would be less disturbed. 

I am considerably disturbed, however, 
by an attitude displayed in the event I 
relate below. Some time ago I had occa- 
sion to prepare a brief annotated checklist 
of the mollusks of a certain area of Utah. 
Since this list was to be submitted to per- 
sons with little or no biological training 
I was asked to append common names to 
the list. I personally object to the use of 
common names for invertebrates, but this 
is aside from the point I wish to bring up 
here. 

The list was duly prepared and sub- 
mitted to the proper individual for edi- 
torial review. The principle I adhered to 
in choosing the names was that if common 
names were going to be used, then those 
which had been previously proposed in 
the local region should prevail. If such 
is not to be the case, the argument in 
favor of common names loses its strong- 
est point—stability. With this principle 
in mind I utilized such common names as 
had been given in 1929 by Chamberlin and 
Jones in their Descriptive Catalog of the 
Mollusca of Utah. In cases where no com- 
mon names were available from this 


source, one was chosen after a study of 
similar manuals of other regions, or one 
was coined for local use. 

When the manuscript was returned I 
found that a portion of the corrections 
concerned some changes in the common 
names used. Objection had been taken to 
the use of proper names, e.g. Bland Bar- 
rel Snail for Pupilla blandi and Cronk- 
hitei Snail for Discus cronkhitei. Clinton 
Cave Snail, for Pristiloma subrupicola, 
was objected to—and this I find extremely 
difficult to understand—on grounds that 
Clinton Cave is a local name. Because of 
its length, Microscopically-lined Pond 
Snail for Lymnaea caperata was changed 
to Fine-lined Pond Snail. Several other 
changes were incorporated into the manu- 
script, but I shall not give a complete cat- 
alog of them here. 

After some discussion with the person 
suggesting these changes—an ecologist— 
some were grudgingly allowed to stand as 
in the original manuscript; others were 
summarily dropped and replaced by more 
“appropriate” terms. The reasons given 
for these changes were to me, a systema- 
tist, almost incomprehensible. If memory 
serves me correctly, it was ecologists and 
experimental biologists who were vilify- 
ing systematists, both in and out of print, 
only a few years ago for causing so much 
confusion by constantly changing the sci- 
entific names of organisms. The logic be- 
hind such about-face behavior escapes me. 
The shoe would now appear to be on the 
other foot. Perhaps it is only another 
clinical expression of the disease once 
regarded as endemic to systematists—the 
mihi itch. 

ERNEST J. ROSCOE 


Dugway Project 

Univ. of Utah 

Dugway Proving Ground 
Dugway, Utah 
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Pogonophora Johansson, 1938 * 


In a recent number of SysTEMATIC ZOOL- 
ocy (Vol. 3, pp. 69-79) the Pogonophora 
are featured in a translation by Dr. Alex- 
ander Petrunkevitch of a Russian article 
by Iwanow (1952). The known forms are 
increased from three species in two genera 
and two families, to seven species in five 
genera and four families. All come from 
abyssal depths in far northern Pacific or 
Arctic seas, except one from the Malay 
Archipelago. 

Up to now the Pogonophora have been 
relegated to a variety of categories of 
varying rank. Their present status might 
still best be regarded as highly uncertain 
because of the incompletely known ana- 
tomical features. The first known species 
(except for Caullery’s 1914 preliminary 
study of a new generic group) was that of 
Uschakow (1933) who erected a new sub- 
family in the polychaetous family Sabelli- 
dae. Johansson (1937) coined a new group 
name, Pogonofora (= beard-bearing) for 
the same species. Reisinger (1938, p. 49) 
considered the same species an oligomere 
and placed it between the Tentaculata 
(Phoronidea, Bryozoa, Brachiopoda) and 
Enteropneusta (acorn-worms). Johansson 
(1939) regarded it as a Class of the Oli- 
gomera (sic). Hemplemann (1941, p. 78) 
regarded it as a Class of the Vermes oligo- 
mera and concluded that it was neither 
Phoronidea nor Tentaculata. Caullery 
(1944, p. 24) recognized the resemblance 
of another representative to a polychae- 
tous family, Chaetopteridae, and noted 
affinities with the Rhabdopleura. Pearse 
(1949, p. 10) regarded Pogonophora as a 
phylum and placed it between the Phoro- 
nidea and Pterobranchia. Ulrich (1950, p. 
22) erected a new group name, Archicoel- 
omates, to which he referred the phylum 
Pogonofora (sic), placing it between the 
Tentaculata and Enteropneusta. Iwanow 
(1952) following Beklemishev (1951, p. 5) 
placed it in the Deuterostomia between 


*This was originally spelled Pogonofora 
Johansson, 1937 and changed to Pogonophora 
by Johansson, 1938. 


the Enteropneusta and Pterobranchia; he 
referred Caullery’s species to the same 
group. In a radically different scheme of 
classification in which the Eumetazoa are 
divided into only four phyla (HadzZi, 1953, 
pp. 152-153) the Pogonophora are placed 
in the phylum Oligomeria, between the 
Enteropneusta and Pterobranchia. 

Most of these schemes have identified 
the Pogonophora from characters that are 
obscurely or incompletely known or ab- 
sent, or that have negative inference. 
Thus a tricoelomate body is accepted even 
though there are visible traces of poly- 
metamerism (believed by the authorities 
to be secondarily derived in the paired 
mesasomic organs [which might be con- 
strued as vestigial parapodia with setal 
secretions]. There is believed to be no 
ventral ganglionated nerve cord although 
there are parts of paired lateral nerves 
(Johansson, 1939). There is presumably 
no alimentary tract, even though such a 
structure was once identified (Johansson, 
1937 and Reisinger, 1938); the positions of 
mouth and anus have not been established 
although Reisinger (1938) indicated prob- 
able positions. The relations with the 
Enteropneusta have been emphasized, 
even though there is no evidence of a 
notochord (or stomatochord), gill slits, or 
dorsal nerve cord. 

The best-known of the Pogonophora 
continues to be Lamellisabella zachsi 
Uschakow through the anatomical studies 
of Johansson (1937, 1939) based on two 
sexually mature specimens from Us- 
chakow’s type collection. Unfortunately 
they had been fixed in their long cylindri- 
cal tubes and were stuck to the envelop- 
ing chitinized lining. Furthermore, the 
body cavity was distended with gonadial 
products so that organ systems were ob- 
scured. A continuous alimentary tract 
was not discernible; this led Reisinger 
(1938, p. 49) to conclude that it was atro- 
phied as a consequence of sexual maturity, 
as is the case in some polychaetous an- 
nelids. A ventral nerve cord was also not 
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identified. Caullery’s studies on Sibog- 
linum weberi are also based on sections; 
what is designated vascular sinus (his 
figures 34-49) might be partly construed 
as vestiges of an alimentary tract. Johans- 
son (1939) identified a dorsal brain with 
a pair of longitudinal nerves, a single pair 
of nephridia in the anterior part of the 
mesasoma, and parts of a median longi- 
tudinal canal first named “Darm” (1937) 
and later (1939) called parts of the vascu- 
lar system. He identified three coelomic 
spaces which he named tentacular, ne- 
phridial, and gonadial, corresponding to 
the body parts which he called the pro- 
soma, mesasoma, and metasoma (anterior 
section and trunk with preannular and 
postannular sections of Iwanow, 1952). 
The first two coelomic spaces are sepa- 
rated by a transverse membrane, exter- 
nally somewhat chitinized (the bridle or 
frenulum of Iwanow) and the second and 
third are separated by a muscularized dis- 
sepiment, externally visible as a con- 
stricted ring. 

The large size of pogonophorous ani- 
mals is arresting. The tube of Lamellisa- 
bella zachsi attains a length of 300 mm. 
anda width of 2 mm.; the contained animal 
is 140 mm. long and 1 to 1.5 mm. across; 
its tentacular region attains a length of 
about 20 mm., its mesasomatic about 80 
mm., and its metasomatic 40 mm. Sibogli- 
num weberi has a tube about 150 mm. 
long and 0.1 to 0.45 mm. across; the animal 
attains a length of 110 mm. and a width of 
only 0.1 to 0.3 mm. 

The proportions, general appearance, 
and many of the external features are 
strikingly polychaetous. Thus, superfi- 
cially one can readily assign Lamellisa- 
bella and Spirobrachia to the polychaetous 
family Sabellidae, Birsteinia and Poly- 
brachia to the subfamily Artacaminae of 
the family Terebellidae, and Heptabrachia 
to the Ampharetidae. These polychaetes 
have representatives in abyssal seas. 

True polymetamerism is suggested in 
the mesasoma through the arrangement 
of surface papillae that number to 22 pairs 
in Lamellisabella zachsi; these have 


chitinized platelets. In the _ posterior- 
most part of the mesasoma there are 
transverse paired ridges provided with 
series of uncinal hooks strongly reminis- 
cent of similar parts in polychaetes 
(shown for Siboglinum by Caullery, 1944, 
figs. 60-66, and for Lamellisabella by 
Iwanow, 1951, p. 740). These distinctly 
polychaetous characteristics are consid- 
ered by most to have no phylogenetic sig- 
nificance and to be secondarily derived. 
Instead, the tricoelomate condition is em- 
phasized, even though it could be a con- 
sequence of reduction. In this connection 
a statement by Hadzi (1953, p. 153) is 
noteworthy: he states that in tubicolous 
Polychaeta there is a strong tendency to- 
ward the reduction of coelomic sacs 
through the disappearance of the dissepi- 
ments. The reduction from polymerous 
to oligomerous condition follows from a 
free mode of life to a sessile [sedentary in 
the present case] one. 

The presence of mouth, alimentary 
tract, and anal aperture in Pogonophora 
is still not verified though not disproved. 
The presence of a ventral nerve cord has 
not been demonstrated; both these char- 
acters might be overlooked in a very slen- 
der body. 

Because of these uncertainties it seems 
preferable to regard the Pogonophora as 
a heterogeneous, perhaps unrelated group 
of species which may in time find their 
affinities with several families of the sed- 
entary polychaetous annelids. In favor of 
this view are these facts: the body is long 
and vermiform; the tube is a chitinized 
secretion from special epithelial glands 
which may or may not be segmental; the 
anterior end is provided with a tentacular 
crown which consists of one or more fila- 
ments or paired radioles provided with 
paired pinnules; the body consists of three 
parts, a head or tentacular region, a mesa- 
soma or thorax, and a metasoma or abdo- 
men. There are segmentally arranged lat- 
eral outgrowths [or reduced parapodia] 
with chitinized platelets or hooks [modi- 
fied setae] in some species; the brain is 
dorsal and gives rise to a pair of lateral 
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outgrowths; there is a single pair of ne- 
phridia present in the thorax; sexes are 
separate and hardly distinguishable in ex- 
ternal view. 

The following species are known: La- 
mellisabella zachsi Uschakow, 1933, and 
L. gorbunovi Iwanow, 1949 in the family 
Lamellisabellidae Uschakow, 1933; Sibog- 
linum weberi Caullery, 1944 in the family 
Siboglinidae Caullery, 1914; Polybrachia 
annulata Iwanow, 1952, P. barbata 
Iwanow, 1952, and Heptabrachia abyssi- 
cola Iwanow, 1952 in the family Polybra- 
chiidae Iwanow, 1952; and Spirobrachia 
grandis Iwanow, 1952 in the family Spiro- 
brachiidae Iwanow, 1952. 

Additions to the bibliography given in 
Prof. Petrunkevitch’s translation are: 


CAuLLERY, M. 1944. Siboglinum Caullery. 
Type nouveau d’invertébrés d’affinités a 


préciser. Siboga Exped. Leiden, vol. 138, 
Monogr., 25 bis de, pp. 1-26. 

Hanzi, J. 1953. A reconstruction of animal 
classification. Syst. Zool., 2:145-154. 

HARTMAN, O. 1951. Fabricinae in the Pacific. 
Pacific Science, 5:379-380. 

HEMPLEMANN, F.. 1941. Pogonophora. Morph- 
ologie und Entwicklungsgeschichte der Wir- 
bellosen. Forschr. Zool., 7:78-79. 

PEARSE, A. 1949. Zoological names. A list of 
phyla, classes, and orders. Prepared for 
Section F, American Association for the Ad- 
vancement of Science. Durham, North 
Carolina. p. 10. 

REISINGER, E. 1938. Pogonofora. Morphologie 
und Entwicklungsgeschichte der Wirbello- 
sen. Fortsch. Zool., 3:49. 


Allan Hancock Foundation 
Univ. of Southern California 
Los Angeles, Calif. 
OLGA HARTMAN 
(Contribution No. 141 of the Allan Han- 
cock Foundation. ) 








People and Projects 


Annual Meeting of the Society of Systematic Zoology, Berkeley, California 


Monday afternoon, December 27 

2:00 Symposium: Animal Courtship 
Patterns. Richard Blackwelder, 
presiding. 

Kessel, Edward, San Francisco 
State College, San Francisco, 
Calif. “The Mating Activities of 
Balloon Flies.” (Illustrated) 

Chamberlin, Joseph C., University 
of Utah, Salt Lake City, Utah. 
“The Mating Behavior of Pseu- 
doscorpions.” (Illustrated) 

Jameson, David L., University of 
Oregon, Eugene. ‘Mating Be- 
havior in Frogs.” (Illustrated) 


Monday evening, December 27 

8:00 General meeting, Lecture by Ray- 
mond B. Cowles, Department of 
Zoology, University of Califor- 
nia, Los Angeles. “Impact of 
Man on South African Wild Life 
and Native Peoples.” (Illus- 
trated ) 


Tuesday morning, December 28 

Contributed papers. 

Briggs, John C., University of 
Florida, Gainesville. ‘Distribu- 
tion of the Clingfishes (Order 
Xenopterygii).” (Illustrated) 

9:35 Needham, Paul, University of Cal- 
ifornia, Berkeley. “Studies of 
Mexican Trout.” (Illustrated) 

Riemer, William J., University of 
California, Berkeley. “Relation- 
ships within the Salamander 
Genus Taricha.” (Illustrated) 

Savage, Jay M., Pomona College, 
Claremont. “Evolutionary Pat- 


9:15 


9:55 


10:15 


terns in the Lizard Family Xan- 
tusidae.” (Illustrated ) 

10:40 Brattstrom, Bayard H., Univer- 
sity of California, Los Angeles. 
“The Phylogeny of the Rattle- 
snakes.” (Illustrated) 

Gressitt, J. Linsley, Bishop Mu- 
seum, Honolulu. “Some Distri- 
bution Patterns among Pacific 
Island Faunas.’’ (Illustrated) 

Frick, Kenneth E., Irrigation Ex- 
periment Station, Prosser, Wash. 
“An Evaluation of Trinomials 
As Used in the Family Agromy- 
zidae (Diptera) with Reference 
to the Species Concept.” (Illus- 
trated ) 

Dougherty, Ellsworth C., Univer- 
sity of California, Berkeley. 
“Comparative Evolution with 
Special Reference to the Origin 
and Significance of Sexuality.” 
(Illustrated ) 


11:05 


11:25 


11:45 


Tuesday afternoon, December 28 
2:00 Open House at the California 
Academy of Sciences, San Fran- 
cisco. Aquarium, special depart- 
mental exhibits, live exhibits of 
local animal species. 


Tuesday evening, December 28 


6:00 Dinner at Fisherman’s Wharf. 
8:00 Planetarium, California Academy 


of Sciences. 
9:00 Council meeting at the California 
Academy of Sciences. 


Wednesday morning, December 29 
9:00 Business meeting. 
Contributed papers. 
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10:20 Benedict, Frances A., University 


of California, Los Angeles. 
“Morphological Variations of 
the Hair of the Chiroptera.” (Il- 
lustrated ) 

Bern, Howard, and M. Voge, Uni- 
versity of California, Berkeley 
and University of California, 
Los Angeles. “On the Occur- 
rence of Villi In the Ceca of 
Mammals.” (Illustrated) 

Downs, Theodore, Los Angeles 
County Museum, Exposition 
Park. “Variation in Some Spe- 
cies of the Horse Merychippus 
from the Miocene of Western 
North America.” (Illustrated ) 

Rudd, Robert, University of Cali- 
fornia, Davis. ‘Analysis of Hy- 
brid Shrew Populations.” (II- 
lustrated ) 

Miller, Alden H., University of 
California, Berkeley. “Inadequa- 
cies in Use of Clinal Designa- 
tions in the New Systematics.” 
(Illustrated ) 


10:35 


16:! 


oy | 
ol 


11:20 


11:40 


Wednesday afternoon, December 29 
2:00 Panel on Museums. 
4:00 Tea. Stephens Memorial Room. 


Wednesday evening, December 29 
8:00 Lecture by Carl Hubbs, Scripps 
Institution of Oceanography, La 


Jolla. “Crossing the Species 
Line.” (Illustrated) 
9:00 Film: “Indefatigable Island.” 


Robert Bowman, University of 
California, Berkeley. 


Thursday morning, December 30 
Contributed papers. 

9:00 deLaubenfels, Max W., Oregon 
State College, Corvallis. ‘The 
Classes and Orders of the Porif- 
era.” 

9:25 Cutress, Charles E., University of 
Hawaii, Honolulu. “An Inter- 
pretation of the Structure and 
Distribution of the Cnidae in the 
Anthozoa.” (Illustrated) 


9:45 


10:05 


10:20 


10:35 


10:55 


11:15 


11:40 


Hedgpeth, Joel W., Scripps Insti- 
tution of Oceanography, La Jol- 
la. “Biogeography of Fresh Wa- 
ter Shrimp in North America.” 
(Illustrated ) 

Garth, John §S., Allan Hancock 
Foundation, University of South- 
ern California. “The Applica- 
tion of Molina’s Names to the 
Brachyuran Crustacea of Chile.” 
(Illustrated ) 

Hoff, C. Clayton, University of 
New Mexico, Albuquerque. “The 
Microhabitat Specificity of New 
Mexico Pseudoscorpions.” (Il- 
lustrated ) 

Lee, Robert D., School of Tropical 
and Preventive Medicine, Loma 
Linda. “First Report of a Bed- 
bug with Only Four Pre-adult 
Instars (Hemiptera: Cimici- 
dae).”’ (Illustratea) 

Belkin, John N., University of Cal- 
ifornia, Los Angeles. “The Lar- 
val and Pupal Chaetotaxy As a 
Tool in Mosquito Systematics.” 
(Illustrated ) 

Selander, Richard B., University 
of Utah, Salt Lake City. “Evolu- 
tion of the Meloidae.” (Illus- 
trated ) 

Edwards, J. Gordon, San Jose 
State College, San Jose. ‘“‘A Plea 
For More Discriminating Use of 
the Term ‘Subspecies’ in Sys- 
tematic Zoology.” 


Thursday afternoon, December 30 


2:00 


Symposium: Cenozoic Vertebrate 


Paleontology and Continental 
Stratigraphy of Australia. Ru- 
ben Stirton and others, Univer- 
sity of California, Berkeley. 


Thursday evening, December 30 


7:00 


Zoologists’ Dinner. University Caf- 
eteria. Speaker: Horace W. 
Stunkard, New York University, 
National President of the Soci- 
ety of Systematic Zoology. 
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Evolution as a Process which was re- 
viewed in the last issue of SysTEMATIC 
ZOoLoGy is now available in this country 
from the Macmillan Co. at a price of $4.25. 


Editor, 
SYSTEMATIC ZOOLOGY: 


A news note in SYSTEMATIC ZOOLOGY 
(3:94) seems to imply that I am a mem- 
ber of the Section of Zoology and Anat- 
omy of the National Academy of Sciences. 
The implication is neither libelous nor 
important, but it is incorrect. I am a 
member of the Section of Geology. There 
are other zoological systematists not men- 
tioned in your list who are also members 
of the Section of Geology: Dunbar, Greg- 
ory, Reeside, Ruedemann, Woodring. 


Petrunkevich was nominated jointly by 


Geology and Zoology, which permits him 
to designate which Section he will affili- 
ate with. ... 

Incidentally the name of the Section 
of Zoology and Anatomy is incorrectly 
cited, unless it has been changed in the 
last few months. 

GEORGE GAYLORD SIMPSON 
American Museum of Natural History 


Ed. Note: Dr. Simpson is correct on all 
counts. The editor regrets that the roster 
of systematic zoologists in the Academy 
omitted those, other than Dr. Simpson, 
who are affiliated with the Section of 
Geology. The editor obviously should 
have verified the information in this note 
which came from a “usually reliable 
source.” 
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SYSTEMATIC ZOOLOGY is published quarterly by the Society of 
Systematic Zoology. Its purpose is threefold: To publish, and there- 
fore to encourage the preparation of, contributions on basic aspects 
of all fields of systematics, principles and problems; to provide a 
suitable forum for discussion of the problems of the systematist 
and his methods; and to report as news the other activities of the 
Society of Systematic Zoology. 


Contributions of the following types are solicited: Papers on prin- 
ciples and the applications of principles of wide implication and 
general interest in any phase of systematics, such as comparative 
anatomy, zoogeography, paleontology, taxonomy, classification, evo- 
lution, or genetics; discussions of methods, specific problems, and 
activities of systematists; discussions of new books and mono- 
graphs; and news of systematists, organizations interested in sys- 
tematics, research and teaching programs, expeditions, collections, 
meetings, and anything else of interest to systematists. 


Consult recent issues for the style to be followed in the preparation 
of manuscripts. Contributors are encouraged to submit line draw- 
ings and diagrams to illustrate their articles. Half-tones may be ac- 
cepted where necessary to the article. 











